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ABSTRACT 
Deve l opment and Validation o:f a \Vaiver Tes t For the 
Math Content Cour ses Required o f Elementary 
Educ a tion Majors at Utah S tate 
University 
by 
Marvin Nels on Tolma n, Doctor o:f Ed uca t ion 
Utah S t a t e University, 19 75 
Maj or Professor: Dr. Dryce E . Adkin s 
Department: Eleme ntary Edu ca tion 
Purpose and Procedures 
vi 
The purpose o f th is paper was to con struct a n d validate 
an instrume~t which could effec t i v e ly identify stu dents 
enrolled in the e l ementary teacher training program a t Utah 
S t ate University whose mathe ma tica l competency equ als or 
exceed s the s t a nd a rd for completion of the required math 
cont e nt cours es prior to t akin g those courses. lt was the 
hope o f the writer tha t s uch students would be a llowed to 
waiv e tJ1ose courses anrl s u bsti tut e courses repre s e nting 
areas o~ ~rent er ne ed for the ind i vidual s tudent. 
Care was taken in the construction and validation of 
th e ins trument to assure content validity with colle g e -
l e vel text s designed for such courses and e lementary 
texts which the te a cher is expected to us e in the te a ching 
situation . 
vii 
Preliminary forms of the instrument constructed in 
the study were administered to pilot groups . An item 
a naly s is wa s performed to determine the level of difficulty 
and discriminating power of individual test items as well 
as the ability of the distractors to distract. The final 
form consisted of 58 multiple-choice test items. 
Results 
Usjne J. uder-Richardson reliabiljty formula number 20, 
the reliability coefficient of the ins trument wa s .87, 
which indicates a high level of reliability for a screening 
test. The variance was 82.72, resulting in a standard 
deviation of 9.10. 
Correlating the test r esults, when used as a nretest 
in the a bove-mentioned courses, with fi n al g rades in the 
course resulted in a correlation coef'f"" icient whi cl1 was 
significant at th e .01 l e vel of si g nificance, indjcating 
high predictive v a lidity of the jnstrument Hith actua l 
success in th e course. 
( 1 4 J pac;e s ) 
CHAPTER I 
INTRODUCTION 
Dackground of the study 
Utah State University r equires of its elementary edu-
cation majors a two-course sequence in math content dealing 
with the real number system. This equates to approximately 
one-half the a mount recommended by the Committee on Under-
graduate programs in Hathematics (1960). No r equirement 
exists a t th is time with regard to algebra or geometry . 
The math department at the univer s ity offers a course in 
geometry which i s designed 1'or pre-service elementary teach-
ers. S tudents are encouraged to take this course but are 
not required to do so. 
Some students enter the teacher education program at 
Utah State University havinf; already t aken courses in Hhich 
the content covered in the required math courses, Nathema-
tics for tho Elementary School Teacher, ha s been considered. 
The University Council on Teacher Educ a tion (1 973) at USU 
has begun dealing Hith this problem by issuing the follm•-
ing directive: 
The Department of Elementary J,;c!u cation is reques-
ted to identify instruments for determining competen-
cies in Hathematics, Educational Psychology, anct Human 
Growth and Development durinc the coming school year. 
(University Council on Teacher Education, 1973, unpaged) 
The utilization of such a test Hould e nable identifi-
cation of student s for Hhom it HOuld be repetitious to take 
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the required math content courses. This requirement could 
then be waived for those students who have the requisi te 
knowledge and skills. 
It is believed by some faculty members in both the 
math department and the elementary education department 
that the g eometry course should be a required part of' the 
curriculum for pre-service elementary teachers. The ques-
tion of priority among math and other areas, however, is a 
source of disagreement. Perhaps if a waiver test was a~ 
vailable for the basic Math 201-202 series, the course in 
geometry could be justified as a required course . This 
would brint; USU one step closer to the recommendations of 
the Committee on the Undergraduate Pro g ram in Nathematics. 
Purpose of the study 
The purpose of this study ''as to construct and vali-
date an instrument which could effec t ively identify stu-
dents enrolled in the elementary teacher training program 
at USU whose mathematical competency equals or exceed s 
that required for ~lath 201-2 02 prior to taldng tho se 
courses. 
Objectives of the study 
The specific objectives of this stu dy were as follows: 
1. To review the literature concerned with te s t s de-
signed to waive math cours e requirements of undergraduate 
elementary education programs. 
J 
2, To determine whether a test was already a vailable 
which would serve adequately a s a waiver te s t f'or the math 
content courses required of' elementary education majors at 
Utah State University, If' a test had been available it 
would have been used and norms would have been established 
f'or it f'or this purpose, Since such a test was not located 
the following steps became objectives f'or the study: 
a, To construct and validate an instrument f'or 
the purpose s tated above in "Purpose of the Study," 
b, To establish norms f'or the test and identify 
a reasonable pass-fail criterion to recommend f'or use 
with the instrument when it is used as a waiver test 
for the math content courses required of elementary 
education majors at USU, 
Definition of' terms 
1. ~· The Committee on Undergraduate Programs in 
Mathematics of' the Mathematics Association of' America, 
2, ~lath Content Course, A course designed to teach 
the conceptual structure of mathematics, generally taught 
by the mathematics department of' a college or university, 
J, Math Methods Course, A course oriented toward 
methods of' te a ching mathematics in the elementary classroom, 
4. \{aiver Test, A test designed to identify students 
who have suf'f'icien~ competencies in a particular area that 
one or more specific courses, otherwise required, would 
not be required of' them, 
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5. Pre-service teachers. People who are training to 
become teachers but who have not yet completed the require-
ments for the teaching cert ificate. 
6. Math 20 1-202. Mathematics content course designed 
Cor elententary education ma,jors, involving sets , logic , 
and development of the re al number system. 
7. Math )01. A course design ed to be the equivalent 
of Math 201 and Math 202 combined. 
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CHAPTER II 
REVIE\i OF THE LITERATURE 
Much interest has been expres sed to the writer con-
cerning the idea of a waiver test for math content courses 
required of elementary education majors by educators in 
many parts of the United S t a tes. Ten percent of the re-
spondents to the questionnajre referred to in Chapter Ill 
have requested copies of th e results of this rese a rch. 
The literature published since 1960 has been searched 
and many teacher training institutions throu~hou t the na-
tion have been contacted {see Chapter JlJ pp . 22-2J). 
F rom this effort, no literature was discovered which dealt 
directly wi th tests designed to waive math content course 
requirements for prospective elementary teachers who may 
have acquired adequate mathematical competence prior to 
entering a teacher education program. 
The year 1960 was selected as a logical beginning for 
the time span involved in this review because by that time 
the effect of the 11 modern mathematics 11 movement was being 
felt across the nation and the transition from "tradition-
al" to "modern" mathematics had begun. 
The focus of the review of literature for this dis. 
sertation is upon the followinc areas: ( 1 ) some of the 
problems which lie in the progra ms designed for the mathe-
matical trainjng of elementary teachers; (2) mathematical 
requirements of elementary education majors; and (J) the 
effectiveness of programs designed for the mathematics 
training of elementary teachers. 
Some curricular problems 
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One of the problems which colleges and universities 
must face is that of deciding which courses will best pre-
pare a student in his chosen field. This problem has been 
compounded in the outlining of courses for the mathematics 
training of elementary teachers since the advent of the 
space age, when greater emphasis was placed on the train-
ing of scientists and mathematicia ns in the United S t ates . 
L . J. Maconi (1972) stated that updating curricular require-
ments for pre - service teacher education is one of the most 
frustrating experiences in curriculum development at the 
college level. 
Gerald R . Rising (1969) claims that training of teach-
ers to teach mathematics is being very poorly done . He 
attributes this to a lack of leadership , direction, and 
finances, and to professors being more interested in ex-
pending their efforts toward thejr own professional growth 
and stntus than toward meeting the students' need s . The 
teacher education phase of professional education, accord-
ing to Rising, is the lowest of the low on the s tatus scale 
today. 
The effectiveness of mathematics content courses de-
signed for elementary teachers is weakened by the fact that 
very few instructors of these courses have had experience 
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in t eaching i n the elementary school themselves. 
A study made by Robold (1965) on the background of 
college instructors of mathematics for prospective elemen-
tary-school teachers indicated that less than one-fourth 
of the instructors had taught in elementary school and 
still f e wer had been c e rti fied to teach in elementary 
s chool. Less than one-tenth had all three of the following 
qualifica tions: (1) expressed an interest in elementary-
school teacher education; ( 2) had t h e equivalent of a mas-
t e r' s degree i n mathematics; and lJ) had certified for and 
experience in elementary-school teaching. The mathemati -
cal knowledg e acquired in these courses could no doubt be 
made more meaningful to participants if the courses \<ere 
taught by someone who not only had adequ ate background i n 
mathematics but who also had t a u ght in the elementa ry 
school. 
I f instructors with such dual qualifications were em-
p loyed, p e rhaps it would be more logical to combine the 
math content courses with the math methods cours e s . Phil-
lips (1968) studied t he feasibility of a combined content-
methods course as compared to the content course tradi-
tionally taught b y the math department and methods course 
taught by the e ducation department. He concluded that 
the combined content-methods course is a more meaningful 
and efficient approach to the teac h ing of mathematics to 
elementary t eachers. This idea was support ed by Hunkler 
a nd <{uast (1 9 7J), who found that the attitudes of t eachers 
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towa r d math ema t i cs are also i mp roved through the u se of a 
combined content-methods course. 
Another ,;eakness in the training program for eleme n-
tary-school teachers has been pointed out by Cadenhead a nd 
Newell (197 3) i n a study of the TTT (Training Teacher 
Trainers) Project conducted at Auburn University and fund-
ed by the U. s . Office of Education. One of the claims of 
this s tudy is that: 
For many y ears prospective teachers have been 
admonished to consider individual differences of the 
learner in the l earning process. Yet while thes e 
prospective t e a che rs themse lves were learn i n g how to 
become teachers they remained a part of a g roup, with 
little attention g iven to their own individuality. 
Such situations, where c ollege profess ors have not 
modeled the kind of behavior they a dvocate, have no 
doubt contributed to g roup-ori ent ed r a ther than indi-
vidual -oriented education at a ll levels of the educa-
tion enterprise. (Cadenhead and Ne,;el l, 1973, p. 51) 
It seems that one logi c a l pl a ce fo r individual dif-
ferences to be considered would be to have some means of 
screening out those students for ,;hom a given course would 
be repetitious of previous experience. Clarence PhilJips 
(1968) stated, after studying the training of prospective 
elementary math teachers: 
Speci f ic objective s must be formulated in t erms of 
major categories, such as operational skills in arith-
metic and algebra, meaning and unde r standing in ari th-
metic and algebra, e tc. The knowled ge of s tud ents 
entering the elementary education curriculum s hould 
be evaluated in t e rms of these obj ectives, and courses 
beginning whe re the students are (in knowled ge , not 
high school mat h credits) set up so as to achieve the 
prescribed goals with the greatest economy of time. 
(Phillips, 196H, p. 297) 
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lt was recommended by Clark (1974) that training in-
stitutions in the state of Utah develop evaluation materi-
als to measure the basic mathematical competencies required 
of prospective elementary teachers and offer remedial cour-
ses for those needing help in the fundamental mathematical 
concepts. 
Clark's research also identifies many characteristics 
of effective elementary mathematics teachers, only one of 
which is a kno,dedge of that which is to be taught. In 
the opinion of the writer, this points out another reason 
to identify those who already have the background given 
in the math content courses--so they can carry on with 
material which is of greater need to the indjvidual. 
What should be reguired? 
Robert Edward Rays (1967) concluded that there appears 
to be little agreemen t between instructors as to what top-
ics should be covered in mathematics preparatory courses 
for elementary-school teachers. Marilyn Ray (1967) claimed 
that excep t fo r limited coverag e or geometry and g r aphs , 
the textbooks used 1n colleGe rnathematics and methorls 
courses adequate ly introduce the mathematical content most 
rrequently empl1asized in eletrJentary schools. She recom-
mends , however, tl1at more background be given in algebra 
a nd geometry. Jane o. Swafford (1972) reports that North-
ern Hichignn University nccor:Jplislles tlds by o:f:fering a 
JO-hour math major specjfjc,,lly designed for tile prospec-
tive elementary-school tea cher. 
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Educational Services I ncorporated (196J), r eporting 
on th e Cambridge Conference on School Mathematics, stated 
that fragments of algebra , numb e r theory, geometry, and 
probabili ty will appear in the classroom and the teacher 
should therefore have more than fragmental knoHledge of 
these. "VIe propose, as a rough criterion, that the teacher 
should know enough about the ma t hematical background t o be 
pleased, instead of being embarrassed, by nearly all the 
questions that an eager a nd able s t udent is likely to ask." 
(p. 199) 
In planning the curriculum fo r the prospective elemen-
tary tea cher, cautions Henry VanEngen (1972), there is 
great danger in overe mphasizing the structural aspects of 
mathematic s . Mathematics, he says , fo r mathematics sake, 
is not "their thing." He also expressed that the r e must 
be some relation between wha t prospective teachers learn 
in mathematics courses for elementary teachers and what 
they are going to teach. Weaver and Gibb (1964) also had 
this concern a t the time of their study and s t a t e d that, 
"Too frequently, t each e rs have not studied the kind of 
mathematica l content that they are being called u p on to 
teach." (p. 281) 
S ome rather interest i ng opinions of in- s ervice elem-
entary t eachers as to th e ma thematics training needs of 
pre-service teachers we re reported by Sherri ll (197J). 
Of 1J7 t eachers surveyed, most felt that two content cour-
ses and two me thods courses should be required in the 
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undergraduate curriculum, The study also reviel<ed the re-
quirements of 25 accredited colleges and universities in 
the same state . Seven of these required tlio math content 
courses, one required three content courses, and none re-
quired tl<o methods courses. The study continues l< i th a re-
viel< of state requirements for elementary teacher certifi-
cation. It reports that, of the fifty states plus the Dis-
trict of Columbia, one requires 6-9 total hours of math, 
ten require 4-6 hours, eleven require 1-J hours, and tl<en-
ty-nine states re quire no math courses for certification, 
In an effort to encourage jnstitutions of higher edu-
cation to ~ear up to meet the challenge of preparing t each-
ers to teach mathematics, the Committee on the Undergradu-
ate Program jn ~Iathematics (CUPM) recommend ed minimum 
standards for the training of teachers on all levels, The 
CUPM (1960) recommendations for Level I (tea chers of elem-
entary-school rnathematjcs) jncluded the follol<ing: ( 1) a 
tl<o-cour~e sequence devoted to the structure of the real 
number system and its subsystems; (2) a course devot ed to 
the basic concepts of algebra; and (J) a course in j nformal 
geometry , 
CUP~1 has defined a "course" to mean a three-semester-
hour course or equivalent. These requirements were to be 
in addition to courses in methods of teaching mathematics , 
It was recommended by CUPM that elementary teachers acquire 
training in addition to th e twelve semester hours lihen 
possible , They recognize that the materials in these 
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courses might, in a sense, duplicate material studied in 
high school by the prospective teache r, but they urge that 
this material b e covered again, this time from a more 
sophisticated, college-level point of view, The exact 
length of the training program is intended to vary accor-
cling to the strength of the incliviclual 1 s preparation, 
Since the CUPH recommendations were issued in 1960, 
efforts have been made by CUPM and others t o determine the 
impact of these recommendations on the coll ege curriculum, 
A CUPN (1967) report r eveal ed that by 1966, the numbe r of 
coll eges requiring no math of their elementary education 
majors had dropped from 22,7 percent to 8 ,1 percent, 
Colleees requiring five or more semester hours had in-
creased from J1,8 percent to 50,1 percent, Prog ress was 
report e d to be slow, with some backsliding taking place, 
Of 715 coll e ges whose requirements were recorded in both 
surveys, 58 had decreased the number of required hours of 
mathematics, 
After studying the extent of implementation of CUPH 
Level I recommendations, Fisher stated: 
,,,this writer recommend s that every institution 
in the United States preparing elementary school 
teachers s hould make immedi a te plans for the adoption 
and implementation of the Level I CUPM recommendations, 
While the results of this survey indicate that 
signiricant pro ffress ha s been made, we are in no po-
sition to be self-satisfied, Rather, circumstances 
suggest the advisability of an extension of efforts 
in this regard, (Fisher, 1967, p, 197) 
Hunkler (1971) took a new look at the implementation 
of the CUPN recommendations by surveying teachers to find 
1 J 
out how much mathematics training they had actually ac-
quired instead of how much had been required of them. Out 
of 211 teachers sampled, only one had satisfied the mini-
mum recommendation of 12 semester hours. Ninety per cent 
had completed less than six hours and 60 per cent had not 
completed any hours in the college math courses recommen-
ded by CUPH. 
Many institutions, although accepting the CUPH recom-
mendations as desirable, have not made these recommendations 
a reality in their program of courses for elementary edu-
cation majors. The folloHing conclusions l<ere draHn by 
Pitts (1974) after studying the mathematics content cours-
es required of undergraduate elementary majors in the 
United States: (1) the CUPN recommendations of 12 semis-
ter hours has been accepted as de s irable by more than half 
of the institutions; (2) the CU PH content unit recommenda-
tions for elementary majors in mathematics h a ve not been 
implemented by more than half of the institutions; 
and (J) the CUPM Level I recommendations of' a course in 
geometry has not been implemented by more than half of 
the institutions. 
A survey was ma de of four institutions in lndiana by 
Smith (1971) to determine Hhether the specific topics re-
commended by CUPN were being taught in mathematics courses 
designed for preparation of' elementary-school teachers. 
He found that all the topics listed under the CUPH course 
title "Structure of' the Number Sys tem" Here presented by 
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all the instructors. Ten out of the fourteen topics listed 
under the CUPM course title "Geometry" we r e presented by 
all instructors. None of the topics listed under the CUPM 
course title "Algebra" were presented by the majority of 
instructors in each of the four jnstitutions. 
The mathematical unders tandings of prospective elem-
entary teachers in several colleges having different math-
ematics requirements were compared by 1Vi thnell ( 1 968). He 
concluded tha t prospective elementary teachers are not b e -
ing satisfactorily prepared by a three, six, or nine semes-
ter hour mathematics requir ement. He sugg ested that the 
number of courses actually needed for s atisfactory prepar-
ation of prospective elementary te a chers may be far beyond 
the current recommendations. 
Not all educators agree on this matter, however. 
Miller (1969) expressed the opinion that inasmuch as elem-
entary teachers must be competent in mathematics, science, 
reading, social studies, language arts, health, music, 
physical education, etc., it is unrealistic to require 12 
semester hours in mathematics alone. Since many teachers 
will be working in other specialized areas, Miller consi-
ders it a waste of both student and instructor manpower to 
require that depth of mathematical study. He proposed that 
training institutions offer a special minor, at both the 
undergraduate and graduate level, which bypasses the tra-
ditional sequence. 
Are elementary teachers 
adeguately competent to 
teach mathematics? 
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Although no test has been located in the literature 
which has been standardized and widely used for measuring 
the mathematical competency of pre-service elementary 
teachers, there are some instruments which have received 
limited use for this purpose, as well as for in-s e rvice 
teachers. Those which have been located in vari ous stud-
ies are referred to in the following paragraphs. 
The Utah Elementary Teachers Mathematical Competency 
Evaluation Instrument, developed by Clark (1974), was used 
to measure the mathematical competency of elementary-school 
teachers in selected Utah school districts. The test con-
s isted of a revision of the 1969 test developed by Lita 
Schwartz and the 1965 test from the School Mathematics 
Study Group. A sample of J54 teachers from 12 Utah school 
districts were tested with a resulting mean score of 29 
correct out of 65 problems. 
Prospective elementary te a chers in Georgia wer e t es ted 
by Creswell (1964). The s ample included J 1J stu dent s n ear 
g r aduati o n at e i ght tea che r-trainer institutions. This 
"as 72 percen t of the estimrtted elementary gr adu a te s ~'rom 
the eight institutions. The measuri_ng ~avice used was the 
Metropolitan Achievement Test, Ad vanced Arithmetic Fo rm AN 
1959 edition. The te s t consists of 45 c omputati on i tems 
a nd 48 i tems dealing with concepts and problem solving. 
Th e results "ere as follo,.s: 81.6 percent scored a t or 
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above the ninth grade level on the computation section and 
90 percent scored at or above the ninth grade level on 
concepts and problem solving. 
The mathematical status of elementary education majors 
at the University of Missouri was measured by Reys (1968) 
using the Algebra Level of the Contemporary Mathematics 
Test, a test designed for high school students who were 
completing one year of contemporary algebra. Data was 
collected from 234 elementary education majors who were 
enrolled in a math content and/or a math methods course. 
They were pre-tested during the fir s t week of the semester 
and post-tested in the final week. There were significant 
gains in scores from pre- to post-test for both the content 
course and the methods course students. Post-test mean 
scores, however, were significantly below the means of 
eighth- and ninth-grade students on the same test. 
A study was done by Koeckeritz (1970) involving 147 
high school sophomores, 154 college freshmen, 171 college 
seniors (elementary education majors), and 153 in-service 
teachers, all in South Dakota, to analyze mathematical and 
professional knowledge of present and future elementary 
teachers. The instrument used was Callahan's Test of Pro-
fessional and Mathematical Knowledge for Elementary Teach-
ers. On the mathematical concept knowledge section, 
Koeckeritz found no significant difference among the four 
groups. Group mean scores ranged from 49.4 percent for 
college seniors to 44.1 percent for high school sophomores. 
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The differences were not significant at the .01 level. 
Koeckeritz concluded that according to his findings, nei-
ther years of experienc e , cours~s completed, nor level of 
training had any significant effect on attainment on a 
mathematical concept t es t. 
Forty-one teachers from six suburban Philadelphia 
school districts were tested by Melson (1965). These teach-
ers represented 17 colleges and universi ties in seven states, 
both public and private institutions, large and small, 
some devoted solely to teacher training and some offerin g 
tra ining in many fields. The school districts involved 
were superior districts with high academic standards, de-
sirable salary schedules, excellent locations, and fre-
quently received national recognition for leadership in 
educational endeavors. The instrument used contained JJ 
test items. The median score was 36 percent. Two subjects 
scored above 75 percent, 27 scored between 25 and 50 per-
cent, and 12 scored below 25 percent. 
Frank Smith (1967) administered Melson's test to two 
groups of elementary education majors. In Smith' s study 
the test was g iven as a pre -test at the beginning of the 
math methods course and as a post-test at the end. The 
pre-test scores were sli~htly hi gher than those obtained 
by Melson and the post-test scores were significantly high-
er, with 90 percent of the studen t s scoring above 50 per-
cent correct and 45 percent scoring above 7 5 percent cor-
rect. 
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Teachers in 100 elementary schools in Colorado were 
tested by Harper (1964), Those who had acquired a course 
in "modern mathematics" performed significantly better on 
the test than those who had not had such a course, Those 
who had no "modern math" but had six or more hours of' 
college mathematics performed at a significantly higher 
level than those who had no "modern math" and less than 
six hours of college math, 
Using a test constructed by himself, Kenney {1965) 
tested 356 teachers in California, On the 50-item test 
the scores ranged from 5-44 correct, Thirty-six subjects 
had 40-44 correct and i'our had less than 10 items correct, 
The median score was 29,7 items correct. Kenney designed 
his own te s t because he wa s unable to find an instrument 
in the litera ture to measure the understandings which 
seemed appropriate, 
With a sample of 310 elementary teachers representing 
many schools and districts, Kipps {1968) tested for the 
ability to unde rstand concepts used in new math curricula, 
The school districts involved were widely varied in size, 
geographic location, teacher experience, pupil population, 
etc, The mean score was 68 percent. Dividing the subjects 
according to amount of i'ormal mathe matics coursework, one 
group having received one-half year or les s and the other 
group more than one-half, the mean score of each group was 
68 percent. The amount of formal coursework had no signi-
ficant effect on performance on the te s t, 
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McKillip and Mahaffey (1972) evaluated the knowledge, 
o:f 71 teachers in Atlanta, Georgia, o:f the content and 
methods o:f t eaching elementary school mathematics. They 
:found that those with more college math courses scored 
significantly better on the test than those with :fewer 
math courses. Going beyond that, they even suggested 
that the influence of the teacher's mathematical prepara-
tion :from his or her own elementary school background seems 
highly significant. 
An instrument designed for evaluating North Carolina 
elementary-school teachers' understanding o:f contemporary 
arithmetic was designed and used by Griffin (1967). Grif-
fin found that the subjects understood less than one-half 
of' the total arithmetic topics covered by his test and 
only one-third of the 27 topics pertaining to "modern 
mathematics." He found a positive relationship between 
semester hours earned in college mathematics and teachers' 
understanding of arithmetic. 
After studying the competence in g eometry of under-
g raduate elementary education majors in Oregon, Bailey 
(1970) concluded that university programs for training 
elementary teachers in geometry concepts are unsuccessful. 
This would likely be attributable, i n some degree, to the 
fact tha t most elementary education majors do not take 
the geometry courses designed for them since these cours-
es are usually in the elective category rather than re-
quired. 
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Bailey also found no positive relationship betwee n 
number of term hours of college mathematics and perfor-
mance on the criterion test. His results did show a 
positive relationship, however, between performance on the 
test and term hours of math content courses designed for 
elementary education majors. 
A survey by R. E. Reys (1967), of in-service teachers, 
indicates that those desiring additional training in mathe-
matics prefer methods courses over content courses by n ear-
ly a two to one majority. 
Further comparison of the e ffect of math methods 
courses and math content courses were made by Cox (1970). 
She found that a positive relationship exists between com-
petence level and the number of hours in math methods 
courses for elementary teachers of g rades three and six. 
According to her study, a positive relationship doe s not 
exist between competence level and the number of hours of 
college mathematics courses. Cox also t es ted the relation-
ship of teachers' knowledce of mathematics and pupils' 
achievement in mathematics. The study showed no signi-
ficant effect at the .01 level. 
Summary 
The literature reviewed indicates, in general, that 
elementary teachers do not perform well on diagnostic 
tests in mathematics, particularly on "modern" math con-
cepts. The results, however, are widely varied and 
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inconclusive and the instruments used are as yet unproven. 
This fact is demonstrated by the inconsistency with which 
the various studies indicate whether or not a positive re-
lationship exists between the number of mathematics content 
courses taken and performance on the instruments. There 
is not sufficient evidence at this point to either accept 
or reject many of the conclusions that have been drawn. 
CHAPTER l JJ 
PROCEDURES 
The purpose of this chapter is to de s cribe the pro-
cedures "hich were used in the research: (1) in an attempt 
to locate an existing t e st which had been designed for u se 
as a ~aiver test for the mathematics content courses re-
quired of undergraduate elementary education majors; (2) 
in constructing and validating a suitable instrument; and 
(J) in analyzing the data. 
Search for an existing te s t 
In an effort to locate an existing instrument which 
would be suitable to use as a waiver test for the ma th 
content courses r e quired of elementary educ a tion majors 
at Utah S tate University, the following steps "ere taken: 
1. Burros' Sixth and Seventh Nental Neasurements 
Yearbooks were searched. 
2. The most recent 10 years of Education Index and 
Research in Education were reviewed. 
J. Personal interviews were held with professors in 
the departments of mathematics, elementary educa tion, and 
psychology at Utah State University. 
4. The Counseling and Testing Services at USU wire 
consulted. 
5. Departments of mathematics at the University of 
Utah, 1Yeber S tate Colleg e, Brigham Young University, a nd 
Southern Utah State College were conta cted by mail. 
6. The mathematics specialist of the Utah S tate 
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Department of Public Instruction wa s contac ted by tele-
phone. 
7. Braswell's (1972) "Math Tests Available in the 
United States" was reviewed. 
8. A letter of inquiry was written to Educational 
Testing Service in Princeton, New Jersey. 
From the above search no test was discovered which 
was designed and content-validated for use as a waive r 
test for ma t hematics content courses required of elemen-
tary education majors. 
In a continuing effort to locate an adequate me a sur-
ing device, questionnaires \<ere sent to 100 colleges and 
universities. These were randomly selected from the 4J4 
institutions, outside the state of Utah, accredited by 
the National Council for Accreditation of Teacher Educa-
tion for training elementary-school teachers as listed by 
the American Council on Education (1968). 
Letters \<ere written to those institutions reporting use of 
locally-developed tests, requestinr, copies of th e tests 
and information regarrlinr; content validity and reliability. 
Permission wa s requested in e ach case to use all or part 
of the test at USU. 
Construction and validation 
of an instrument 
In the process of constructing and validating an in-
strument to meet the objectives of this study, the follow-
ing steps were taken: 
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1. A content analysis was made of three colleg e-level 
texts designed for us e i n mathematics content courses for 
elementary majors and three elementary mathematics series. 
The college-level texts us ed in the content analysis were 
Wheeler (1973), Peterson (1971), and Forbes {1971). The 
elementary texts used ''ere the fourth, fifth, and sixth 
grade math textbooks published by Houc-hton-Nifflin {1 972 
edition), Addison-Wesley (1971 edition), and Holt, Rein-
hart and Winston (1970 edition). Wheeler's text was se-
lected because it was the current text for Math 201-202 at 
USU. Peterson and Forbes were added in order to increase 
the objectivity of the content findings and were selec-
ted on the recommendation of one instructor of Hath 201-
202 as being representative of texts used for math content 
courses designed for prospective elementary teachers. The 
three elementary textbook series used '"ere selected on the 
basis of being currently the three most widely-used mathe-
matics series in the elementary schools of Utah. The pur-
pose of this analysis was to identify topics and measure 
the emphasis p laced on each topic. Emphasis was judged on 
the number of pages devoted to each topic. 
2. Six persons, selected to represent the teacher train-
ing institutions of the state of Utah and the Utah State 
Department of Public Instruction, and who have had a great 
deal of experience in the mathematics training of elemen-
tary-school teachers, were a sked to serve as a " panel of 
experts" to assis t in the study. All six of these accepted 
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the request. The panel consisted of three individuals with 
a mathematics-oriented background and three with an elemen-
tary education-oriented background. Five of these l<ere 
professors at teacher training institutions in the state 
of Utah, and the other was the mathematics specialist for 
the Utah State Department of Public Instruction. The panel 
members were selected on the basis of their position and 
their role in the mathematics training of elementary-school 
teachers. 
J. A list of the 100 topics with greatest emphasis in 
the textbooks analyzed was sent to the panel of experts. 
They \{ere asked to rate each topic, on a scale of' one to 
five, according to the emphasis which they considered ap-
propriate for that topic in the test being constructed. 
4. On the basis of ratings given by the panel of ex-
perts and ratings derived from analyzing the content of 
textbooks , 60 mathematical topics \{ere identified for rep-
resentation in the test (see chapter 4, p.J2 for reasoning 
in selecting 60 topics). Based on the realization that 
there are many more than 60 elementary-school mathematics 
topics which are important and the necessary limitations 
on the len~th of the test, stratification was used in se-
lection to assure that each general area received represen-
tation which is appropriate according to the ratings given. 
Relative textbook emphasis and panel ratings were given 
equal consideration in the selection of these topics. 
5. A pool of test items, comprised of' three items for 
26 
each of the 60 selected topics, wa s writ ten and submitted 
to the panel of experts . The panel was asked to rank the 
problems within each set o f three a ccording to fir s t, sec-
ond, and third choice. I n ranking the items, the experts 
we re asked to consider s uc h characteristics as ma themati-
cal correctness, clarity , and appropriateness for t he waiv-
er test. Comme nts and s u gges tions were also solicited . 
6. Based on the rankings of the panel, one t es t item 
out of each se t of three was screened out. Revis i ons were 
made, as sugges ted by the experts, and a prelimi nary te s t 
was constructed using the r e maining 120 items. Due to 
time limitations in administering the te s t, the prelimin-
ary form was divided i nto two parts, called Form A and Form 
B. Each o f t h ese two parts consisted of 60 items; one fr om 
each of the 60 selected topics. The purpose for construc-
ting tw·o preliminary form s "'as to d e t e rmine the difficulty 
and di s criminating power o f more it e ms than we re needed for 
the final f orm of the test. Thereby the more appropriate 
item from each pair could be selected for inclus i on in 
the final form. 
7. Preliminary test forms A and B were each adminis -
tered to a pilot group consisting of 71 students currently 
enrolled in math content courses designe d for elementary 
education majors at Utah State University and Brigham 
Young University. 
8 . An item analysis wa s performed on the test i tems 
of the preliminary form to de termine the level of diffi-
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culty and discriminating power of each item, as sugc ested 
by Borg and Gall (1971), and the ability of the "distrac-
t ore:" to distra ct. The index of dif'f'icul ty was determined 
by computing the percentage of the pilot group missing the 
item. Discriminating power of each item wa s determined by 
computing the difference between the percentage of high 
scorers (top 2 7 percent) missing the item a nd the perc en-
tage of low scorers (bottom 27 percent) missin g the item, 
resulting in the index of discrimination. The worth o f 
the distractors was determined by comparing the number of 
high scorers (top 50 percent) to select e a ch of' the alter-
natives with the number of low scorers (bottom 50 percent) 
to select e ach of the alternatives. 
9. On the basis of the item analysis, one test item 
was s creened from each of the 60 selected topics. Priori-
ty was given items with high discriminating power and with 
effective distractors. 
10. Due to the amount of time required to administer 
the test, it was felt that the leng th should be decreas ed . 
After .examining the rema i ning 60 problems, i terns A-12 a nd 
B-JJ were considered to be of least value to the test. 
Item A-12 had the lowest index of discrimination and three 
of the panel members expressed the opinion that this item 
was meaningless, that the terms "multiplier" and "mulit-
plicand" can be used interchangeably with the first and 
second factors. Therefore item A-12 was discarded. Item 
B-JJ h a d a low index of discrimination and its removal did 
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not ser~ously weaken the representation of fractions com-
pared v~th textbook emphas~s, so this item vas also r e moved 
fron the test. Elimination of additional items s eemed to 
be unjustified. 
11. The final form of the te s t vas construct e d from 
the remaining 58 problems. Revisions were made where it 
seemed advisable and the final form of the test was ad-
ministered to a second pilot g roup, again for the purpose 
of item analysis, to verify the e f fectiveness of the te s t 
items. The second pilot group was similar to the first, 
consisting of 65 students enrolled in mathematics content 
courses des~ened for elementary education majors at Utah 
S tate University and Brigham Young University. 
12. The final form of the instrument was administered 
to the sample . All students enrolled in Math 202 at USU 
durinG spring and fall quarters of 1974 were te s ted durine 
the last "eek of the course for the purpos e of gathering 
data to be used in establishing norms for the test. The 
instrument was administered to all students enrolled in 
Math J01 (combined 201-202) at the beginning of summer quar-
ter 1974, and the performance was compared "ith student 
success in the course, fo r the purpose of establishing pre-
dictive validity of the instrument. 
Analysis of data 
Kuder-nichardson formula 20 was employed to determine 
internal consistency of the test by analysis of individual 
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test items. 
Results of the test administered to the students of 
Math )01 were correlated with the final test scores and 
the final grades achieved by those students. Pearson 
Product-Moment correlation was employed for this analysis 
to provide information about the predictive validity of 
the test. 
CHAPTER IV 
RESULTS 
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A valid a nd reliable t es t to be used to det e rmine eli-
gibility to waive the mathema tics conte nt courses requir ed 
of elementary education majors was not found as a result 
o f the e xtens i ve search de s cribed in Chapter Il l . As a 
consequence, development and validation of s uch a waiver 
test was undertaken, The purpose of this chapter is to 
present the findings from the ques tionnaire and from the 
step-by-step process of constructing a nd validating the 
Test of Mathematical Fundamentals , an i nstrument desi gned 
for use a s a waiver test of the math content cours es re-
quired of elementary education majors at Utah S tate Uni-
versity, 
Questionnaire findings 
Respon~es were received from 91 of the 100 college s 
and universities to ,;hich questionnaire s were sent, Of 
those responding, 65 reported that the y use no waiver test 
at all for the mathematics courses required of elementary 
education majors; 10 use the mathematics section of the 
College Level Examination Program (CLEP), published by 
National Testing Service; and 16 use waiver tests which 
were developed locally, 
In response to letters written to the 16 institutions 
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reporting use of locally-developed tests, 11 institutions 
replied: Two reported using the regular course final 
examination as a waiver test and did not send copies; one 
does not r eally use a test but waives the course require-
ment on the judgement of the student's advisor; and eight 
institutions submitted copies of their waiver tests, Of 
the eight institutions submitting tests, none had collect-
ed information as to content validity or reliability of 
the test. Seven of these granted permission to use their 
tests, all or in part, at Utah State University, One in-
stitution withheld such permission a nd requested that the 
test items not be used. This request was honored in the 
search for items for the pool of test items, 
Rating and selection of topics 
A page-by-page analysis was made of the textbooks 
which were involved in the study (see chapter 111, p, 24 ), 
All topics trea t ed in the texts we re list e d, Topics which 
were generally treated in clusters, rather than individu-
ally, such as points, segments, rays, and lines, were list-
ed in clusters (hereafter, "topic clusters" and "topics" 
are re~erred to simply as ''topics''). Each topic was as-
signed a ·rating of zero to five, a ccording to the emphasis 
on that topic in the textbooks, The following method was 
used in assigning the ratings: 
1• Any topic which was treated by only one of the 
textbooks analyzed was considered relatively inappropriate 
and disregarded for the purposes of th is test, 
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2. For the remaining topics, of which there were 100, 
ratings of 0.5 to 5.0 were a ssigned, according to emphasis 
in the selected elementary textbook series. 
J. Ratings of 0.5 to 5.0 were assigned according to 
emphasis in the selected college textbook series. 
4. The mean textbook rating for each topic was com-
puted by adding the elementary textbook rating to the col-
lege-level textbook rating and dividin.:; the total by h<o. 
5. The l is t o:f topics uas submitted to and rated by 
the panel o:f selected experts. 
6. An ove rall rating :for each topic was determined by 
computing the average o:f the mean textbook rating and the 
mean expert rating. The overall ratings ranged from 0.5 
to 4.o. Table 1 (see Appendix A) lists the textbook rating, 
panel rating , and overall rating :for each o:f the 100 topics. 
To conform to the normal length of class periods, an 
effort wa s made to construct a test which ,;auld require 
approximately 45 minutes to administer. On the basis o:f 
expert opinion it was decided to allo,; an average o:r 45 
seconds per item in determining the time required to ad-
minister the instrument. Thus, the test was to consist 
o:f approximately 60 items. It ,;as arbitrarily decided tha t 
the items would be constructed to represent the 60 topics 
receiving the highest overall textbook-expert ratings. 
In order to assure appropriate representation :from 
each general area the :follouing procedure for stratifica-
tion was used: 
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1. The total rating points for the set of 100 topics 
(261.2) was divided by 60 (the number of topics to be rep-
resented in the test). The resulting mean was 4.4. 
2. For each multiple of 4.4 rating points in any giv-
en general area, that general area \vas allowed one topic 
for representation in the test. Priority within each gen-
eral area was g iven those topics with the highest ratings. 
Total rating points for each general area a nd the num-
ber of topics for representation on the test f rom that gen-
eral area are listed in Table 2 (Appendix .1\). 
The 60 topics chosen for representation on the test 
are given in Table ). In the general area of "Graphing," 
further investigation showed that the concepts covered by 
the texts under the topic "Tables and g raphs" were very 
similar to concepts under "Graphing coordinates." There-
fore, even though the overall rating was slightly lower, 
"Graphing negative numbers" was selected for representation 
in the test in preference to "Tables and graphs." 
Pool of test items 
The pool of test items, consisting of 180 items 
(three for each of the 60 topics), were rated by the panel 
of experts as indicated in Table 4. 1n each group, the 
item which ranked third (listed in the right-hand column 
of Table 4) was screened out. The numerals in Table 4 
identify the items as numbered in the pool. For a com-
plete set of the pool of te s t items, see Appendix D. 
Assembling the preliminary 
form of the test 
Of the two remaining problems for each topic, the 
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first (by rank) was arbitrarily assigned to Form A of the 
preliminary test and the second was assigned to Form B 
(see Table 5). Revisions were made in the items to be 
used according to the recommendations of the panel of 
experts. Twenty-two items were revised and five items 
were replaced before being included in the preliminary 
form. Revised and replaced items are identified in Table 5 . 
Preliminary test forms A and B are r,iven in Appendix E. 
Item analysis of preliminary 
.!:2.!:!!! 
Item analysis of the preliminary form of the te s t, 
following administration of the test to the first pilot 
group, produced information regarding discriminating power 
and l evel of difficulty for each item, as well as ability 
of the distractors to distract. Table 6 g ives the index 
of discrimination and index of difficulty for each item. 
For each item number, the Form A item and the Form B item 
relate to the same topic. 
Assembling final form of test 
In selecting problems for the final form of the test, 
one item out of each pair of items (each pair representing 
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one of the 60 selected topics) was s creene d out on the 
basis of. the item analysis. In determining which item of 
each pair should be retained for the final form, the char-
a cteristics of high discriminating power, level of diffi-
culty nearest .50, and effectiveness of distractors were 
given priority in that order. Items selected for the final 
form are listed in Table 7. The 11 test items which were 
revised at this point are marked with asterisks in Table 
7. For a complete copy of the final test form, see Appen-
dix F. 
Asterisks in Table 6 mark the index of discrimination 
and the index of difficulty of those items chosen for the 
final form of the test. For reasons explained in chapter 
J (p. 27), items A-12 and B-JJ were not included in the 
final form, thus the length of the instrument was reduced 
to 58 items. Item 5J-A was selected in preference to item 
53-B because the difference in discriminating power was 
only .01 and item 53-A was superior in terms of both item 
difficulty (see Table 6) and effectiveness of distractors. 
Dividing the final form items, from the first item 
analysis, into categories of discrimination as described in 
Ebel (1965), we find that 19 items or 63.8 per cent are 
highly discriminating (index of .40 or higher), 20 items or 
)4.5 per cent are fair discriminators (.20 to .J9), one item 
or 1.7 per cent i s a low discriminator (.01 to .19), and 
no items are zero or neg~tive discriminators (see Table 9). 
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Item a nalysis of final form 
I nformation re garding item analysis of the final form 
of the instrument, following administration to the second 
pilot g roup, is given in part in Tabl e 8. The same infor-
mation is given in Table 10 for the second item analysis 
as is g iven in Table 9 for the first item analysis, shoH-
ing that 19 items or J2.8 per cent are high discriminators , 
26 items or 44 .8 per cent are fair discriminators, 12 items 
or 20.7 per cent are loH discriminators, one item or 1.7 
per cent is a zero discriminator, and no items are nega-
tive discriminators. 
Data analysis results 
Reliability. Analysis of the norm group tests, using 
the Ruder-Richardson reliability formula number 20 , yielded 
a reliability coefficient of .87. See Table 11 for data on 
test items, as used in computing the r eliability coefficient. 
Variance and standard deviation. The variance of the 
norm group was 82.72, re sulting in a standard deviation of 
Predictive v a lidity. Of 19 students completing the 
requirements for Math J01, which ,;as the group used in 
gathering information about the predictive validity of the 
test, 14 had been present at the beginning of the quarter 
on the day th e Test of Mathematical Fundamentals was admin-
istered. 
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No final examination was given in the course, but four 
tests were given throughout the course. Total points re-
ceived on the four tests were therefore subs tituted for the 
final exam score for purposes of correlation. 
The correlation between scores on the Test of Mathe-
matical Fundamentals at the beginning of the course and 
scores on the four tests given in the course was .742 , 
which is significant at the .01 level. For data used in 
this correlation see Table 12. 
To correlate the scores on the Test of Mathematical 
Fundamentals with final grades, g rad e points were used, 
allowing four points for A , three points for B, a n d two 
points for c. No student received a final grade lower 
than c. The correlation between scores on the Test of 
Mathematical Fundamentals at the beginning of the course 
and final grades was .719, also significant at the .01 
level. See Table 1J for data used in this computation. 
~· The mean raw score of the norm group was JJ.S. 
This equates to 57.8 percent. See Table 14 for frequency 
distribution of norm group raw scores . 
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CHAPTER V 
SUH~!ARY, CONCLUSIONS, AND HECONHENDATIONS 
The purpose of this chapter is to summarize the pro-
cedures and findings of the research and to present conclu-
sions and recommendations based on the results of the study, 
Summary of procedures 
A search was conducted for an existing te s t which was 
constructed as a waiver test for math content cours e s de -
signed for elementary education majors, No such t e st '"as 
located, 
An instrument was constructed and validated, using 
the following steps: 
1, A content analysis was made of the 4th, 5th, a nd 
6th g rade levels of the three elementary mathematics series 
most widely used in the state of Utah and of three college-
level texts designed for math content courses for elementary 
teachers. 
2, The 100 topics of g reatest emphasis in the text-
books analyzed were rated by a panel of experts, The 60 
most pertinent topics were selected on the basis of these 
ratings and ratings assigned according to emphasis in elemen-
tary and college-level textbooks, 
J, A pool of test items , comprised of three items for 
ench o f' the 60 selected topics, was written and submitted to 
the panel of experts, Based on rankings g iven by the panel, 
one test item on each topic was screened out, 
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4. Preliminary tests were constructed from th e remain-
ing it e ms and administered to a p ilot group. 
5. An item analysis was performed on the preliminary 
t es t it e ms to determine leve l o f difficulty and discrj mina-
ting power of each it em as well as th e abili ty of th e dis-
trac tors to distract. 
6. On the basis of th e it e m analysis, one t e st item 
was screened from each of the 60 se l ec t ed t opics . ~'o more 
i terns we re e liminated to r educe the time r ec~uired to admin-
ister the t es t. 
7. The final form of the t e s t was constructed f rom 
the remaining 58 jtems. This wa s administered to a second 
pilot r:roup and an item analysis was again perf'ormed on the 
test items. 
8. The final form of tl1e instrument was ad mi nistered 
to the sampl e . 
The test appeared to be strong jn discriminatjng power 
when compared with the standards r e commended by Ebel (1965). 
See page J6 for percentages of hi t;h, fair , and low disc rim-
inators. 
Summary of findings 
The reliability coefficient of the test was .87, using 
Kuder-Richardson reliability formula numb e r 20. The vari-
ance was 82.72 and the standard deviation was 9.10. 
In testing the ~lath )01 group, during summer quarter 
1974, for establishing predictive validity of the te s t, 
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the correlation between scores on the Test of Mathematical 
Fundamentals and actual success on the course was signifi-
cant at the . 01 level. 
The mean raw score of the norm group, tested during 
spring and fall quarters of 1974, was JJ.5, or 57.8 percent. 
Conclusions 
Based on the findings of this study the following con-
clusions can be reached: 
1. The Test of Mathematical Fundamentals will give 
acceptably reliable and consistent results. According to 
Garrett and Woodworth (1958), if a test is to be used to 
make individual diagnoses, it should have a reliability 
coefficient of . 90 or hi gher. Otherwise, .60 is an accept-
able reliability coefficient. The Test of Mathematical 
F undamentals is not intended for individual diagnoses, 
but is designed for use as a screening test. Therefore , 
according to the standards given above , a reliability 
coefficient of .87 indicates high reliability of the in-
strument . 
2. The test has high predictive validity and can be 
relied upon as a predictor of success in Math 201-202 or 
Math )01. Correlation between scores on the Test of 
Mathematical Fundamental at the beginning of Math J01 and 
actual success in the course was significant at the .01 
level. The small size of the sample , however , must be 
considered~ 
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3. Inasmuc~ as great care was exercised to assure 
content validity with coller;e and elementary textbooks 
related to Math 201-202 and the mean percentage score of 
the norm group was 57.8, one of two possible conclusions 
could be reached. 
a. The test does not have high content validity 
with the course despite its content validity with 
related textbooks. 
b. In general, students of the sample did not 
learn well many of the textbook-related concepts 
taught during the course. 
Recommendations 
Based on the conclusions derived from this study the 
followin g recommendations are made: 
1. The Test of Mathematical Fundamentals should be 
considered an acceptably reliable instrument. 
2 . The test should be accepted as having high content 
validity with textbooks related to Math 201-202. 
J. The content taught in Math 201-202 should be 
examined for content validity with related textbooks, If 
the course content is found to correlate highly with text-
book content, it is recommended that the Test of Mathe-
matical Fundamentals be used as a waiver test with the cri-
terion score set at or near the norm group mean raw score 
of JJ.5. If the course content is not found to correJate 
highly with textbook content, one of two alternatives 
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should be el e cted. 
a. The course content should rema in unchaneed 
and the Test of Mathematical Fundamentals should not 
be considered valid as a waiver test for the course. 
b. The course conte nt should be altered to cor-
relate with related textbooks and the Test of Mathe-
matical Fundamentals should be used as a waiver t e st 
for the c ourse, with new norms being establishe d. 
4. If the Test of Mathematical Fundamentals is t o 
be used as a waiver test for Math 201-202 it is recommend-
ed that the criterion score be adjust e d as new norms are 
established, particularly after any substantial alteration 
of course content or change in concept emphasis in the 
course. 
5. Testing, for the data reported herein, was done 
during regular 50-minute class periods. Therefore, if 
the Test of Mathematical Fundamentals is used as a waiver 
test for Math 201-202, using the current normative data 
as a criterion, it is recommended that a time limit of 50 
minutes be imposed. If the test is to be used without 
limit on testing time, new data should be collected and 
the criterion adjusted as necessary. 
4J 
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T a ble 1. Mathematical topics and their ratings from text-
book content analysis, ratings of panel of ex-
perts, and overal l ratings 
Topic 
Union 
Int ersection 
~ ull, infinite, subset 
One-to-one correspondence 
Cartesian products 
Relations (reflexive, symmetric, 
transitive) 
~~ 
Even & odd numbers 
Factors, greates t common factor 
Primes , composites 
Multiples , least common multiple 
Divisibility 
ADDITION 
lfithout regrouping 
Regrouping 
Money 
Estimating 
Properties 
SUDTRACTION 
lfithout regrouning 
Regrouping 
~ioney 
Properties 
NULTIPLICATION 
Repeated addition 
Powers of 10 as factors 
Single digit factor and a factor 
of two or more digits 
Textbook 
Hating 
1.5 
2 .0 
1.5 
1.0 
1.0 
1.0 
0.5 
).0 
2.5 
2.0 
1.5 
2 .4 
2.4 
0.8 
o.s 
2.5 
o. s 
).2 
0 . 8 
o. o 
).2 
0 . 8 
2.4 
Panel 
Hating 
).5 
).5 
).5 
).5 
).0 
2.2 
).5 
4.2 
4.0 
4.2 
).7 
).) 
4.o 
2 .0 
) .5 
) . 0 
).5 
).8 
Overall 
Rating 
2.5 
2.7 
2.5 
2.2 
2.0 
1. 6 
2.0 
).6 
).2 
J. 1 
2.6 
2.8 
2.9 
1 .4 
2.1 
).0 
2.0 
).6 
1 .o 
1.7 
) • 1 
2.1 
).1 
Table 1 (continuNi) 
Topic 
Textbook 
Hating 
NULTlPLICATION , cont. 
Two factors of two or more digits 
1'-1oney 
Estimating 
Multiplicatio~-divtsion relation-
ship 
Multiples of 10 1 ~~0, & 1000 as 
factors 
Properties (com&~., ~ssoc., iden .) 
Distributive property of mult. 
over addition 
DIVISION 
Repeated subtraction 
1-digit divisor & 1-digit quo, 
1-digit divisor & 2-digit quo. 
1-digit divisor & quotient of 
three or more digits 
Involving multiples of 10, 100 1 
and 1000 
Divisors of 2 or more digits 
Money 
Estimating 
Checking 
Averages 
PERCENT 
MEASUREMENT 
Length 
Area 
Volume 
Perimeter, circumference 
Liquid measure 
Converting units 
Netric system 
Weight, time, temperature 
0,8 
0,8 
1 .6 
2.4 
2 ,0 
).2 
0.8 
2 ,4 
2 .4 
1.6 
1 .6 
2.4 
0,8 
1.6 
0 .8 
1 .6 
2.5 
1 .o 
).5 
2 .0 
2.5 
o.s 
0.5 
1.0 
o.s 
Panel 
Rating 
).8 
2,0 
4.2 
4.5 
).2 
).6 
2 .0 
4.0 
J,O 
J.O 
2.5 
2.1 
).6 
2.0 
).8 
).5 
).5 
).8 
J.5 
4.o 
4.0 
).8 
). 1 
).6 
4.o 
).6 
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Overall 
Rating 
J .1 
1 .4 
2.5 
J,O 
2.7 
2.8 
2.7 
2 .4 
2 .7 
2 .7 
2.0 
1.8 
J,O 
1 .4 
2.7 
2.1 
2.5 
). 1 
2.2 
).7 
).0 
J. 1 
1. 8 
2.0 
2.5 
2o0 
Table 1 (continued) 
Topic 
FRACTIONS 
~1 eaning 
Equivalent fracti ons 
Renaming to higher and lower 
terms 
Reducing to lowest terms 
Adding fractions and mixed 
numerals 
Least common denominator 
Mixed numerals and improper 
fractions 
Subtracting f~act~0ns & mixed 
numerals 
Multiplying fractions & mixed 
numerals 
Dividing fraction~ 
Terms 
DECIHALS 
Fractions and decimals 
Adding and subtracting 
Nultiplying 
Dividing 
Repeating and terminating 
Estimating 
Irrational numbers 
GRAPHING 
Graphs on the number line 
Graphing coordinates 
~·unctions 
Graphing negative numbers 
Tables and graphs 
Textbook 
Rating 
1.5 
J.5 
0.5 
2.0 
4.0 
0.5 
2.0 
J.O 
4.0 
2.5 
1.0 
2.0 
2.0 
2.5 
2.5 
1.5 
1.0 
1.0 
0.5 
).0 
2.0 
1. 5 
1.5 
Panel 
Rating 
4.8 
4.2 
4.0 
).8 
J.8 
4.0 
).8 
J.8 
4.o 
J.8 
).5 
).6 
).5 
).8 
).8 
).7 
J.8 
).1 
4.0 
).6 
).5 
J.J 
).8 
51 
Overall 
Rating 
J.l 
J.8 
2.2 
2.9 
J.9 
).4 
4.0 
J. 1 
2.2 
2.8 
2.7 
J.l 
J. 1 
2.6 
2.4 
2.0 
2.2 
J.J 
2.7 
2.4 
2.6 
Table 1 (continued) 
Topic 
SPECIAL TOPICS 
Bases other than ten 
Other number systems 
(Egyptian & Roman) 
Place value 
Exponents 
Ratio & scale drawings 
Clock & modular arithmetic 
Negative numbers 
Probability 
Sequences 
Rounding numbers 
Inequalities 
Functions 
Time, rate, distance 
Nean, median, mode 
Cardinal, ordinal, whole, 
natural, & real numbers 
Congruency 
Propositions & implications 
(inverse, conver~~j 
Casting out nines 
Standard deviation 
Normal frequenc) c ·;....:..· ve 
GEO~iETRY 
Simple closed curves 
Circle, radius, diameter, chord 
Angle s 
Spac e figure" 
Points, segments, rays , & lines 
Plane figures 
Parallel and perpendicular 
Symmetry , reflections, similar 
patterns 
Textbook 
Rating 
J.S 
2.0 
2 .5 
2.0 
1 .s 
2.5 
J.5 
J.5 
o.s 
1 .o 
J.S 
2.0 
1 .o 
2.0 
2.0 
1. 5 
2 .0 
1.0 
1 .o 
1 .o 
o.s 
1 .o 
J.O 
2 .5 
2.0 
4.0 
1 .o 
2.5 
Panel 
Rating 
J.2 
1 .s 
4.7 
4.1 
J.O 
2.1 
J.S 
J.J 
2.6 
J.5 
J.2 
J.7 
J.5 
J.O 
J.5 
J .1 
J .1 
2.5 
2.0 
2.2 
J.8 
J.9 
J.9 
J.9 
J.8 
4.0 
J.9 
J.6 
52 
Overall 
Rating 
J.J 
1.9 
J.6 
J.O 
2.2 
2.J 
J.S 
J.4 
1 .s 
2.2 
J.J 
2 . 8 
2.2 
2.5 
2.7 
2.J 
2.5 
1. 7 
1. 5 
1. 6 
2 .2 
2 .5 
J.s 
J.2 
2 .9 
4.0 
2 .5 
J. 1 
5J 
Table 2. Total overall rating points acquired by each 
general area and number of topics to be repre-
sented on the t est 
Total Number of Topics 
General Area natint;;: Points on Test 
Se ts 1J,5 J 
Number Theory 14,5 J 
Addition 12,2 J 
Subtraction 8,J 2 
Hultiplication 26,5 6 
Division 2J ,J 5 
Percent J ,1 
~leasurement 20.J 5 
Fractions JJ,7 8 
Decimals 18,7 4 
Graphing 1J,2 J 
Special Topics 50,0 12 
Geometry ~ d Totals . 
Table J, Topics chosen for representation on the test 
General Area 
SETS 
Nm!BER THEOllY 
ADDITION 
SUBTRACTION 
~IULTIPLICATJON 
Topic or Topic Cluster 
1, Union 
2. Intersection 
J , Null, infinite, subset 
4, Factors, greatest common factor 
5. Primes, composites 
6, Hultiples, least common multiple 
7, Without re s rouping 
8, Regrouping 
9 . Properties 
10, Without re g rouping 
11, llegrouping 
12. llepeated addition 
1J, Single-digit factor and a factor 
of two or more d igits 
Table J (continued) 
General Area 
NULTIPLICATION, cont. 
DIVISION 
PERCENT 
HEASUHEHENT 
FRACTJONS 
DECHIALS 
GHAPIIING 
SPECIAL TOPICS 
Topic or Topic Cluster 
14, Two factors of two or more digits 
15 . Hultiplication-division relation-
ship 
16. Properties (comm., assoc., iden.) 
17. Distributive property of mult. 
over addition 
18, 1-digit divisor & 1- digit quo. 
19 , 1-digit divisor & 2-digit quo. 
20, Divisors of 2 or more digits 
21, Estimating 
22, Averages 
2J, Percent 
24 . Length 
25 . Area 
26, Volume 
27 . J>erimeter, circumference 
28 . Metric system 
29 . }leaning 
JO . Equivalent fractions 
J 1. Heducing to lowest terms 
]2 , Adding fractions and mixed 
numerals 
JJ . Nixed numerals and improper 
fractions 
J4 . Subtracting fractions & mixed 
numerals 
J5. Multiplying fractions & mixed 
numerals 
]6, Dividing fractions 
37 . Adding and subtracting 
38. ~lul tiplying 
J9. llividing 
4o . Hepea t ing and terminating 
lil Graphing coordinates 
42 : F u n c tions 
4J , Graphing negative numbers 
44, nases other than ten 
45. Place value 
4 6. ~:xponents 
47. Clock & modular arithmetic 
4 8 , Negative numbers 
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Table J (continued ) 
General Area 
SPECIAL TOPICS, cont. 
GEOMJ!,"''RY 
49. 
50. 
51. 
52. 
5J. 
54. 
55. 
56. 
57 . 
58. 
59. 
60 . 
Topic or Topic Cluster 
Probability 
I nequalitie s 
Functions 
Mean, median, mode 
Cardinal , ordinal, whol e , 
natura l, & r eal numbers 
Congruency 
Propositions & implications 
(inve rse, converse) 
An g les 
Space figures 
Points, segments, rays, & line s 
Plane figures 
Symmetry, reflections, similar 
patterns 
Table 4. Ranking, by panel of experts, of pool of' t es t 
items 
Topic 
SETS 
Urd'On 
I ntersection 
Null, infinit e , subset 
NUMBER THEORY 
Factors, greatest common factor 
Primes, composites 
Multiples, least common multiple 
ADDITlON 
Hithout r egroup ing 
He grouping 
Properties 
SUBTRACTION 
Wi thout re c rouping 
Regrouping 
NULTIPLICATION 
He peated addition 
Sin gle-digi t factor and a f a ctor 
of two or more digits 
First 
2 
6 
8 
11 
15 
16 
20 
22 
26 
29 
Jl 
J5 
J7 
Items by Rank 
Second Third 
1 J 
5 4 
9 7 
10 12 
14 1) 
17 18 
19 2 1 
2) 24 
27 25 
28 JO 
)2 J J 
J4 )6 
)8 J9 
56 
Table 4 (continued) 
Items by Rank 
Topic First Se cond Third 
~lULTJ PLICATION , cont, 
Two factors of two or more di g its 40 
Multiplication-division relation- 44 
ship 
Properties (comm,, assoc,, iden,) 47 
Distributive property of mult, 51 
over addition 
DIVISION 
1-digit divisor & 1-digit quo, 
1-digit divisor & 2-digit quo, 
Divisors of 2 or more digits 
Es timating 
Ave rages 
PERCENT 
HEASURE~IENT 
Length 
/• .. rea 
Volume 
Perimeter, circumference 
Metric system 
FRACTIONS 
~1eaning 
Equivalent fractions 
Reducing to lowest terms 
Adding fractions and mixed 
numerals 
Mixed numerals and improper 
fractions 
Subtracting fractions and 
mixed numerals 
l>lul tiplying fractions and 
mixed numerals 
Dividing fractions 
DECHL\LS 
Adding and subtracting 
Nultiplying 
Dividing 
Repeating and terminating 
GRAPHING 
Graphing coordinates 
Functions 
Graphing negative numbers 
52 
56 
58 
62 
65 
69 
71 
74 
76 
79 
82 
87 
89 
92 
96 
99 
100 
103 
107 
110 
112 
117 
120 
123 
125 
128 
41 
43 
48 
so 
54 
55 
60 
63 
64 
67 
72 
73 
77 
81 
84 
85 
88 
93 
94 
97 
102 
104 
106 
109 
113 
115 
118 
121 
126 
127 
42 
45 
46 
49 
53 
57 
59 
61 
66 
68 
70 
75 
78 
80 
83 
86 
90 
91 
95 
98 
10 1 
105 
108 
111 
114 
116 
119 
1 22 
124 
129 
Table 4 (c ontinued) 
Top1c 
SPECIAL TOl'lCS 
Bases other than ten 
Place value 
Exp onents 
Clock & modular arithmetic 
Negative numbers 
Proba b i lity 
I nequalities 
Functions 
Mean , median, mode 
Car dinal, ordinal, whole, 
natural, & r eal numbers 
Con gruency 
Propositions & implications 
(inverse, conve r se ) 
GEOMETRY 
An gles 
Space figures 
Points, segments, r a ys, & lines 
Plane figures 
Symmetry, refle ctions, similar 
patterns 
First 
1JO 
1 J4 
1 J 7 
14 1 
14J 
145 
150 
15J 
155 
158 
162 
164 
166 
171 
172 
176 
179 
57 
Items by Rank 
Second Third 
1 J 1 1)2 
1JJ 1J5 
1)8 1 J6 
lfJ9 140 
144 142 
147 146 
149 148 
152 151 
156 154 
159 157 
160 161 
165 16J 
168 167 
170 169 
174 17J 
175 177 
180 178 
Table 5 . Cross-reference of test items from pool of items 
to preliminary forms A and B 
Form A No. Pool No. Form B No. Pool No . 
1 2 1 
2 6 2 5 
J 8 J 9* 
4 11 4 10* 
5 15 5 14* 
6 16 6 17 
7 20 7 19** 
8 22 8 2)** 
9 26* 9 27 
10 29* 10 28 
11 J1 11 J2 
12 JS* 12 J4 
1 J J7 1J J 8* 
14 40 14 41 
15 44 15 4)* 
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Table 5 (continued) 
Form A No. Pool No. Form B No. Pool No. 
16 47* 16 48 
17 51 17 so 
18 52 18 54** 
19 56 19 55 
20 58 20 60 
21 62 21 6J 
22 65 22 64* 
2J 69 2J 67 
24 71 24 72 
25 74 25 7J 
26 76 26 77 
27 79 2 7 8 1 ~· * 
28 82 28 84 
29 87 29 85 
JO 89* JO 88 
J 1 92 J1 9J 
J2 96* J2 94 
JJ 99* JJ 97* 
J4 100 J4 102 
JS 10J JS 104 
J6 107 J6 106 
J7 110 J7 109 
J8 112 J8 11 J 
J9 117 J9 115 
40 120 40 118 * 
41 12J 41 121 
42 125* 42 126* 
4J 128 4J 127 
44 1JO 44 1J1 
45 1J4 45 1JJ 
46 1J7 46 1J8* 
47 141 47 139 
48 14J 48 144 
49 145 49 147 
so 150 50 149 
51 15J 51 152 
52 155 52 156* 
5J 158 5J 159 
54 162 54 160 
55 164 55 165 
56 166 56 168* 
57 171 57 170 
58 172 58 1711 
59 176* 59 175** 60 179 60 180* 
*Items which were revised before being placed in the 
preliminary form 
**Items which were replaced 
59 
Table 6. Discriminating power and level of difficulty 
obtained from item analysis of test items on 
preliminary forms A and B 
Index of Discrimination Index of Difficulty 
Item No. Form A Form B Form A Form B 
.16 .21* .08 .16* 
2 • 16 .21* .07 . 51* 
J .79* • 11 .111 * .08 
4 .11 . J2* .1 8 .J8* 
5 .J2* .26 .17* .79 
6 .74* .J7 .48* .44 
7 .J2* .05 .J4* .o8 
8 .52* .27 .61* .J7 
9 .48* .27 .JO* • 14 
10 .11 * .11 .JO* • 111 
11 .J1* .05 .79* .08 
12 .06* .05 .69* .89 
1J -.16 .J7* .J8 .58* 
14 .6J* .oo .42* .87 
15 .J2* .26 .17* • J 1 
16 .4J .5J* .J1 .20* 
17 .42* .11 .J8* .11 
18 .27* .16 .1 J* .14 
19 .26* .oo .51* .17 
20 .26* • 16 .66* .27 
21 .21* .21 .27* .2J 
22 .J7* .J7 .24* • 17 
2J .5J* .J7 .J7* .J4 
24 .J7* • 11 .55* .07 
25 .58* .10 .72* .OJ 
26 .J2* .10 .59* .41 
27 .58* .26 .J2* .41 
28 .16 .21 * .75 .59* 
29 .6J* .o6 .J2* .90 
JO .4J* .21 .J1* • 14 
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Table 6 (continued) 
Index of Discrimination Index of Difficulty 
I tem No, Form A Form B Form A Form B 
31 ,26* ,26 ,10* ,08 
32 .43 .47* .27 ,21 * 
33 • 11 ,26* ,28 ,14 * 
)4 .43 .68* ,)1 ,44* 
35 ,68* .37 ,)0* .23 
)6 ,16 .42* ,1 0 .54* 
37 • 16 .47* • 10 .58* 
38 .32 .47* .23 .63* 
39 ,05 .58* .92 .35* 
40 • 16 .43* ,21 ,)2* 
41 ,68* .37 ,28* .45 
42 ,42 ,48* .75 .72* 
4J .37 .63* .1 6 ,62* 
44 .53 .58* .46 .46* 
45 .37 .63* .37 .48* 
46 ,42 .52* • 13 .57* 
47 .53* .37 .58* .79 
48 , 22 ,68* .17 .52* 
49 .32* ,26 .25* ,30 
50 • 16 .58* .52 .54* 
51 . J2 ,68* ,2) .71* 
52 .32 ,)2* .77 .71* 
53 .47* .48 .49* .55 
54 ,69* ,)2 ,68* ,6 ) 
55 .37 .79* .59 . 54* 
56 ,16 ,42* .89 .49* 
57 ,05 .)7* .79 .83* 
58 .53 ,69* . 54 .51* 
59 .58* ,26 .54* .85 
60 .31 ,42-l<· .76 .63* 
*ltems selected for final form of test 
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Table 7. Items selected for the final form from prelim-
inary forms A and B 
i?inal Form Prelim . Form Final Form Prelim. Form 
Item No . Item No. Item No . Item No. 
B-1 Jl B-)2 
2 B-2 J2 B-)4 
J A-J JJ A-J5* 
4 B-4* J4 B-J6 
5 A-5 35 B-)7 
6 A-6 J6 B-)8 
7 A-7 37 B-39 
8 A-8* )8 B-40* 
9 A-9 39 A-41* 
10 A-10 40 B-42 
11 A-11* 41 B-4) 
12 B-13 42 B-IJ.4 
13 A-14 4) B-45 
14 A-15 44 B-46* 
15 B-16* 45 A-47 
16 A-17 46 B-48 
17 /\.-18 47 A-49 
18 A-19 48 B-5o·x· 
19 A-20 49 B-5 1 
20 A-21* 50 B-52 
21 A-22 51 A-53 
22 A-2) 52 A-54 
23 A-24 53 B-55 
24 A-25* 54 B-56 
25 A-26 55 B-57 
26 A-27 56 B-58 
27 B-28* 57 A-59 
28 A-29* 58 B-60 
29 A-JO 
JO A-Jl 
*Items ,_hich were revised before being placed in the 
final form 
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Table 8. Discriminating power and level of difficulty 
obta ined from item analysis of test items on 
final form and on preliminary form 
l ndex of Discrimination Index of difficulty 
Item No. Final Form Prelim. Form Final Form Prelim. Form 
.17 .21 .14 • 16 
2 .28 .21 .46 .51 
J .61 -79 .J1 .41 
4 .17 .J2 .25 .J8 
5 .o6 .J2 .14 • 17 
6 .28 .74 .42 .48 
7 .2J .J2 .J5 .J4 
8 .67 .52 .51 .61 
9 .11 .48 .18 .JO 
10 .22 .11 .J4 .JO 
11 . 22 .J1 . 8J .79 
12 • 11 .J7 .J5 .58 
1J .J9 .6J .J4 .42 
14 .oo .J2 .20 • 17 
15 .o6 .5J .14 .20 
16 .50 . 1~2 .J2 .J8 
17 .51 .27 . 22 • 1 J 
18 .22 .26 .J7 .51 
19 .J9 .26 .52 .66 
20 .16 .22 • 17 .27 
21 .27 .J7 .2J .24 
22 .J4 .5J . 48 .J7 
2J .J9 .J7 .49 .55 
24 .22 .58 .79 .72 
25 .28 .J2 .46 .59 
26 . 50 .58 .J7 .J2 
27 .22 .21 .79 .59 
28 .22 .6J .4J .J2 
29 .J9 .4J .40 .J1 
JO .12 .26 .09 .10 
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Table 8 (continued) 
Index of Discrimination Index of difficulty 
Item No. Final Form Prelim . Form l~inal Form Prelim. Form 
31 .34 .47 .17 .21 
32 .34 .68 .43 .44 
JJ .50 .68 .32 ,JO 
34 .67 .42 .46 .54 
35 .J3 .47 ,J9 .58 
36 .22 .47 .69 .63 
37 .67 .58 .35 .35 
38 .50 ,4J .57 .J2 
39 ,J9 . 68 .32 .28 
40 • 11 .48 .65 .72 
41 .J9 .63 .6J .62 
42 .44 . 58 .18 .46 
4J .45 .63 .52 .48 
44 .33 . 52 .49 .57 
45 • 17 . 53 .46 . 58 
46 .72 ,68 .55 .52 
47 .45 .32 .45 .25 
48 .45 .58 .48 . 54 
49 .61 .68 .72 .71 
50 .17 ,J2 ,80 .71 
51 .55 .47 .68 .49 
52 .22 .69 .82 .68 
53 .56 .79 .6J .54 
54 .45 .42 .39 .49 
55 .44 .37 . 83 . 83 
56 .39 .69 .52 . 51 
57 • 16 .58 .66 .54 
58 .33 .42 .65 .63 
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Table 9. Discrimination report on final test form items 
as determined by first item analysis (first 
pilot group) 
Index Item No . Index Item No. 
.oo .41 
.01 .42 16,)4,54,58 
.02 . 4) 29,38 
.OJ . h4 
.o4 .45 
.os .46 
.o6 .47 Jl ,J5,J6,51 
.07 .48 9,40 
.os .49 
.09 .so 
• 10 .51 
• 11 10 .52 8,44 
• 12 .53 15,22,45 
.1) . 54 
• 14 .55 
.15 .56 
.16 .57 
.17 .58 24 , 26 ,J7,42,48 ,57 
• 18 .59 
• 19 .60 
.20 .61 
.21 1 ,2 '27 .62 
.22 20 .6) 1),28,41,4) 
.2) .64 
.24 .65 
. 25 .66 
.26 18,19, JO .67 
.27 17 .68 J2,JJ,J9,46,49 
.28 .69 52,56 
.29 .70 
.JO .71 
.)1 11 .72 
.)2 4,5,7,14,25,47,50 .7) 
.JJ .74 6 
.)4 .75 
.)5 .76 
.)6 .77 
.)7 12,21,23,55 .78 
. )8 .79 J,5J 
.)9 .so 
.40 
.81 
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Table 10, Discrimination report on final test form items 
as determined by second item analysis (second 
pilot group) 
Index Item No, Index Item No, 
,00 14 ,40 
,01 ,41 
.02 ,42 
,OJ ,4J 
,04 ,44 42,55 
,05 .45 43,47,48,54 
,06 5,15 .46 
,07 .47 
,08 .48 
,09 .49 
• 10 .so 16,26,JJ,J8 
• 11 9,12,40 .51 17 
• 12 JO .52 
• 1 J .5J 
• 14 .54 
• 15 .55 51 
.16 20,57 .56 53 
• 17 1 ,z,. ,4 5' 50 .57 
,18 .58 
• 19 .59 
,20 ,60 
,21 .61 ),49 
,22 10,11,18,24,27,28, .62 
)6,52 ,6J 
,2J 7 .64 
,24 .65 
,25 .66 
.26 .67 8,J4,J7 
,27 21 ,68 
,28 2,6,25 .69 
.29 .70 
,JO .71 
.)1 .72 46 
.)2 ,7J 
,JJ 35,44,58 .74 
.J4 22,J1,J2 .75 
,J5 .76 
.J6 .77 
,J7 .78 
,J8 .79 
.)9 1J,19,2J,29,J9,41,56 .so 
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Table 1 1 . Da ta on test i tems a s used in computine 1\uder-
Rjchardson reliability formula nu mber 20 
X Test item 
y Number of corre c t responses 
p Proportion of c o r rect responses 
q = Proport ion of incorrect respon ses 
X y p 9 P9 X y p 9 P9 
1 39 . 886 , 1 14 .1 007 JO J8 . 864 , 1J6 . 1178 
2 27 .6 14 . ]86 .2371 J 1 42 . 955 , 045 .04J4 
J 28 . 6]6 ,J64 . 23 14 J2 23 . 52 3 . 478 . 2495 
4 33 .750 ,250 . 1875 33 JO . 682 .3 18 .2169 
5 38 ,8611 , 1J6 .1178 34 25 . 568 .432 .2454 
6 30 .682 .3 18 .2 169 35 27 . 6 14 . 386 ,2J71 
7 28 . 6]6 . 364 . 2) 1 '+ 36 25 . 568 ,1132 .2454 
8 29 . 659 . 34 1 .2247 37 33 • 750 , 250 • 1875 
9 J2 . 727 . 273 . 1983 38 29 . 659 ,J4 1 ,2247 
10 35 . 795 ,205 . 1627 J9 26 • 59 1 . 409 . 241 7 
11 6 • 1 J6 . 8611 .11 78 40 17 . 386 . 6 14 . 237 1 
12 22 . 500 . 500 . 2500 4 1 18 , 409 . 59 1 , 2111 7 
13 23 . 523 . 478 , 21195 42 26 .59 1 . 409 . 24 17 
14 36 , 8 18 • 18 2 , 1488 43 18 . 409 . 59 1 , 24 17 
15 33 .750 .250 .1 8 7 5 4 4 16 . 364 . 636 . 23 14 
16 J2 .727 . 2 7 3 • 1983 4 5 12 . 2 73 • 72 7 • 1983 
17 4J .977 . 023 . 0222 116 23 . 523 . 4 78 . 2495 
18 29 . 659 .341 . 22 47 47 24 . 545 . 455 . 24 79 
19 23 . 523 ,1178 . 2495 4 8 29 .659 . 34 1 . 2247 
20 35 . 795 , 205 . 1 62 7 49 10 , 227 . 773 .1 756 
2 1 38 , 864 • 136 • 11 78 50 11 . 2 50 .750 ,1 875 
22 24 , 5115 . 455 ,2479 5 1 18 . 40 9 . 59 1 , 24 17 
2J 26 . 59 1 , 409 , 21+ 17 52 1 J . 295 . 705 . 2082 
24 15 . J4 1 . 659 . 2247 53 15 . 34 1 . 659 . 2247 
25 25 . 568 . 4J2 . 24511 511 211 . 51+5 , 1155 , 2lf79 
26 28 . 636 . J64 . 2] 14 55 12 . 273 . 727 .1 983 
27 12 . 273 . 727 • 1983 56 28 , 6]6 . 364 , 2J ] If 
28 26 . 59 1 , 409 , 24 17 57 22 . 500 .500 . 25 0 0 
29 J4 .77 3 . 227 • 1756 58 11 . 250 . 750 .1 875 
,Epq = 11. 9202 
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Table 12, Data used in computing reliability coeffici e nt 
x • Number correct on Test of Mathema tical Fun-
damentals out of 58 possible 
y = Total points on test s given throughout course 
2 2 
n X X 
1 sL~ 2916 :) 56 126 ,7 )6 19, 224 
2 44 19)6 )61 1)0 ,)2 1 15, 884 
J 4 2 176 4 J49 12 1 ,801 14,658 
4 4 2 1764 )24 104 , 976 1), 608 
5 41 168 1 J50 122 ,500 14, )50 
6 41 168 1 )64 1 )2~496 14, 924 
7 J4 11 56 J50 122 , 500 11 , 900 
8 )2 1024 )6 1 1)0,)21 11, 552 
9 27 729 J29 108 , 2 41 8 , 88) 
10 26 676 J5J 124 , 609 9 ,178 
11 22 484 278 77, 284 6 ,11 6 
12 20 400 J 1J 97 , 969 6 , 260 
1J 1 9 )61 29 1 84 ,68 1 5 , 529 
14 12 144 18 J JJ ,489 2 ,1 96 
Totals 456 16,716 4562 1,517, 92 4 154 , 262 
Table 1), Data used in computing r eliability coefficient 
x = Number correct on Test of Mathema ti cal Fun-
damentals out o f 58 possible 
Y = Final cours e g r a de A = 4 D = J C = 2 
2 
n X X 
See Tab le 12 4 16 2 16 
2 If 16 176 
J 4 16 168 
4 J 9 12 6 
5 4 16 164 
6 4 16 164 
7 4 16 1)6 
8 4 16 128 
9 J 9 8 1 
10 4 16 104 
11 2 4 44 
12 ) 9 60 
1 J J 9 57 
14 2 4 2 4 
Totals 48 172 1684 
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T a ble 14 . Fre qu ency distribution of norm t;Tou p r a w s core s 
X f' X f' 
4 9 J J 2 
48 ]2 2 
47 J 1 
46 2 JO 5 
44 29 
112 2 2 7 
4 1 3 2J 
40 22 
J9 2 1 
JS 2 19 2 
J 7 2 17 
]6 2 15 
J 5 J 12 
J4 2 
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APPENDIX D 
Questionnaire and Ac companying Letter 
Questionnaire 
In our program for elementary education majors: 
We require no math content courses. 
We require math content courses but do not 
use a waiver test. 
We require math content courses and we use 
---a waiver test of the following types: 
Published 
---Unpublished 
Developed locally 
Name Institution Department 
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'7.1 
Letter Accompanying Questionnaire 
Dear Sirs: 
We are considering the use of a waiver test for the math 
content courses required of our elementary education majors. 
Before developing such a test, we are attempting to determine 
the practices of other institutions preparing elementary school 
teachers and whether a test already exists which would adequate-
ly serve this purpose. 
We would be grateful if you would make the appropriate 
checks on the back of the enclosed self-addressed postcard and 
return it to us by November 20. 
~~~~ 
1!:r::::?~~ 
of education 
~1arvin N. Tolman, graduate 
assistant 
APPENDIX C 
List of 100 Mathematical Topics 
Rated by Panel of Experts, 
Accompanying Letter 
and 
No te Explaining Topic List 
7.2 
7J 
Letter Accompanying List of Topics 
Dear 
I n response to a request from the University Council on 
Teacher Education of TJSU, we are attempting to develop and vali-
date an instrument for measuring the mathematical competenc e of 
o~r preservice e lemen tary sch ool teachers. As one check of the 
conten t valid i t y o f t he test, we wish to utilize a panel of ex-
perts. We kn ow t h at you have had a great deal o f experience in 
t h e ma thematical trainin g of elementary school teachers and we 
would be grate f ul i f you would be will i ng to serve on this panel. 
If you accept, we a s k t ha t you : (1) Respond to the enclosed ma-
terials, a n d (2 ) Eva luate a pool of test items. 
A pool o f test items will be constructed, based on the re-
sponses of the panel of experts to the enclosed materials and on 
t h e content analy sis re f erred to t h erein. F ollowing evaluation 
Dy the ~anel o f experts, the pool of items will be te s ted for 
discriminatory power and items for the test will be selected 
f rom the pool. Data will t~en be gathered on the te s t itself. 
If you feel inclined to assist us as requested, we would 
g reatly appreciate receiving your response to the enclosed ma-
terials at your earliest convenience, hopefully by Feb . 15. 
Thanks. 
Sincerely, 
Bryce Adkins , profes s or 
o f education 
~!arvin N. Tolman, graduate 
assistant 
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In a preliminary effort to determin e the math topics which 
should be tested by an instrument designed to measure the math-
ematical competence of preservice elementary school teachers, 
we have analyzed the content of nine elementary math textbooks 
and three college texts. The elementary texts used were th e 
4th, 5th, and 6th g rade levels of Addison- Wesley 1971, Houghton 
Mifflin 1972, and Holt, Rinehart and Winston 1970. The college 
texts were: 
Wheeler, Ruric, ~ ~: ~ Elementary Approach, 
Third edition, Brooks-Cole Publishing Co., 1973. 
Peterson, John M., ~Concepts~ Elementary 
Hathematics, Prindle, Weber and Schmidt, Inc., 
1971. 
Forbes, Jack E., and Robert E. Eicholz, Mathematics 
.!..£.!: Elementary Teachers, Addison- l<esley Publish-
ing Co., 1971 
We have identified the topics included in these sources. 
Considering the purpose of our test, however, we feel that we 
would be in error t o judge the topic-by-topic emphasis for the 
test strictly upon the emphasis placed on the topics by the 
textbooks. Therefore, we feel a n e ed for a rating on these 
topics from our panel of experts. On the following pages, 
please circle a number to rate each topic according to the em-
phasis which you feel would be appropriate for the test men-
tioned above. A rating of one indicates least significance to 
the test and a rating of five indicates greatest significance. 
Space is provided on the last page in case there are top-
ics missing which you feel should be included or for other com-
ments or suggestions you may wi sh to make. 
~ 
Union 
I ntersection 
Nu l l, infinite , subset 
One-to-one correspondence 
Cartesian products 
Re l a tions (reflexive, symmetric, 
tra n s itive) 
~ THEORY 
Even & odd numbers 
Fa ctors, greatest common fact or 
Pr i me s, composite s 
Multiples, least common multiple 
Divisibility 
ADDITION 
\Vi thout regrouping 
Re grouping 
Money 
Estimating 
Properties 
SUBTRACTION 
Without regrouping 
Regrouping 
Money 
Properties 
MULTIPLICATION 
Repeated addition 
Powers of 10 as factors 
Single digit factor and a factor 
of two or more digits 
Two factors of two or more digits 
Money 
Estimating 
Multipl ication-division relation-
ship 
Multiples of 10, 100, & 1000 as 
f'actors 
Properties (comm., assoc ., iden.) 
Distributive property of mult. 
over addition 
Least 
Emphasis 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
J 
J 
J 
J 
J 
3 
3 
3 
J 
3 
3 
J 
J 
3 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
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Greatest 
Emphasis 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
DI VISION 
Repeated subtraction 
1-digi t divisor & 1-digit quo. 
1-digit divisor & 2-digit quo. 
1-digi t divisor & quotient of 
three or more digits 
Involving multiples of 10, 100, 
and 1000 
Divisors of 2 or more digits 
Money 
Estimating 
Checking 
Averages 
PERCENT 
MEASUREMENT 
Length 
Area 
Volume 
Perimeter, circum~erence 
Liquid measure 
Converting units 
Metric system 
Weight, time, temperature 
FRACTIONS 
Meaning 
Equivalent fractions 
Renaming to higher and lower 
terms 
Reducing to lowest terms 
Adding fractions and mixed 
numerals 
Least common denominator 
Mixed numerals and improper 
fractions 
Subtracting fractions & mixed 
numerals 
Multipl ying fractions & mixed 
numerals 
Dividing fractions 
Terms 
Least 
Emphasis 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
J 
J 
J 
J 
J 
J 
J 
3 
3 
3 
3 
3 
3 
3 
J 
J 
J 
J 
3 
J 
J 
3 
J 
J 
J 
3 
3 
J 
J 
J 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
/1 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
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Gr e at es t 
Emphasis 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
DEC I MALS 
Fractions and decimals 
Adding and subtracting 
Multiplying 
Dividing 
Repeating and terminating 
Estimating 
Irrational numbers 
GRAPHING 
Graphs on the number line 
Graphing coordinates 
Functions 
Graphing nega ·tive numbers 
Tables and graphs 
SPECIAL ~ 
Bases other than ten 
Other number systems 
(Egyptian & Roman) 
Place value 
Exponents 
Ratio & scale drawings 
Clock & modular arithmetic 
Negative numbers 
Probability 
Sequences 
Rounding numbers 
Inequalities 
Functions 
Time, rate, distance 
Mean, med i an, mode 
Cardinal, ordinal, whole, 
natural, & real numbers 
Congruency 
Propositions & implications 
(inverse, converse) 
Casting out nines 
Standard deviation 
Normal frequency curve 
Least 
Emphasis 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
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Greatest 
Emphasis 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
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Least Greatest 
GEm-:ETRY Emphasis Emphasis 
Simple closed curves 2 3 4 5 
Circle, radius, diameter, chord 2 3 4 5 
Angles 2 3 4 5 
Space figures 2 3 4 5 
Points, segments, rays, & lines 2 3 4 5 
Plane figures 2 3 4 5 
Parallel and perpendicular 2 3 4 5 
Symmetry , reflections, similar 2 3 4 5 
patterns 
COMMENTS: 
APPENDI X D 
Pool of Test Items and Accompanying 
Note of Explanation 
79 
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On the basis of ratings given by our J:nnel of experts and ratings derived from 
analyzing the content of textbooks, 60 mathematical concepts have been identified 
for representation in our test. Realizing that there are many more than 60 con-
cepts which are important and realizing the necessary limitations on the length 
of the test, stratification was used in selection to assure that each general area 
received r e presentation which is appropriate according to the ratings given. 
The final form of the test will include 60 items. These items will represent the 
60 different concepts mentioned above. Three test items have been written for 
each of the 60 concepts. Two of the three items in each case will be screened 
out, hopefully leaving the most effective and appropriate items for the test. 
As the first step in the screening process, we desire that you rank each set of 
three problems according to your first, second, and third choice . The numbers 
1, 2, and 3 are typed at the right of each problem for your convenience . Please 
circle or check one of these for each test item. If in some cases the three prob-
lems do not differ in appropriateness in your opinion, so indicate. 
In ranking the test items, please consider such characteristics as appropriate·· 
ness for this test, mathematical soundness, and clarity. If you notice errors or 
have comments or suggestions, notations of these will be appreciated. Please 
keep in mind that only one out of each set of three items will be used in the test. 
The second screening step will be to test the items with students to determine the 
level of difficulty, discriminating power, and ability of the distractors to 
distract. Revisions will be made as deemed necessary both before and after the 
second step. 
We hope to begin the second step in screening the test items next week and would 
certainly appreciate your prompt response to these materials. 
Thanks for your expert assistance with this project. If you desire a copy of the 
final results of this study, please indicate. 
Sincerely, 
Marvin N. Tolman 
8 1 
Sets: Union 
J. Gi\·e n that,\ ; ( w, x, y , z } and B ~ { u. v, w, x} , whi ch of the foll owing· 
is true : 
2. 
3. 
4. 
(a) A U B = { w, x } 
(b) A U B = ( u, v, w, x, y, z) 
(c) A U B ; { u, v, w, w, x, x, y, z } 
(d) None of these 
Given that A ; { 5, 2, l, 4} , B ; { -1, 7, 1, 3} , C = {1, ~. 3, G} , wh ich 
of the following is t rue: 
(a) AU B U C ; {1, 2, 3, 4, 5, G, 7} (d) A U B U C = 16 
(b) A U B U C = {1, 1, 1, 2 , 2, 3, 3 , 4 , 4, 5, G, 7} (c) None of these 
(C) A U B U C = { 1 } 
Considering this Venn diagram, 
wh ich of the follo wing i s true: U 
(a) n (A U B) = 2 
(b) n (A u B) = 7 
(c) n (A U B)= G 
(d) n (A U B) = 13 
(e) None of these 
Sets: Inter section 
Whieh of the following Venn diap;rams illustrates (A n B) n C: 
(d) None of these 
1 L 3 
2 3 
3 
5 . GiventhatA = { v, w, x, s} , B= { v, w, x, y) , anciC = { r, w, x) , 
which of the following is fal se: 
1 2 
G. 
(a) (A U C) U B = A U (C U B) 
(b) (A 0 C) 0 B = A 0 (C 0 B) 
(c) A U (C 0 B) = (A U C) 0 (A 0 B) 
(d) A 0 (C U B) = (A 0 C) U (A 0 B) 
(e) None of these 
HSct A = { a. b, c, d, eJ andSetB = { d, e, f, g ) , whatisA O B : 
(a) { a, b, c, d, c, f, g) (d) { a, b, c, cl, d, e, e, f, g} 
(b) { cl, c} (e) None of these 
(e) {a, b, c, f, g} 
2 3 
Sets· Null. infinite. subset. etc. 
Let A = { 3, 4}, B = { 3, 4, s} . and C = { 1, 2, 3, <1 }. Which 
of the following statements is true: 
(a) BCA 
(b) c E fl 
(c) fit A 
(d) A ¢ B 
(e) None of these 
8. Given that Set A = {1, 2, 3, 4} and Set B = { 5, 6, 7}, which of the . 
following is true: 
(a) An B = fi 
(b) AU B ={} 
(c) A n B f { } 
(d) An B = { fl } 
(e) None of these 
9 . If Set A = [ 1, 2 3 , 4, . .. } , which of the following is true: 
(a) Set A is the set of whole numbers (d) Set A is infinite 
10. 
11. 
(b) { 9 , 10, 11} ¢. A (e) None of these 
(c) n (A) = 4 
Number Theory: Faelor s. GCF 
Which of the following is a false statement: 
(a) The greatest common factor of 84 and 120 is :21. 
(b) The greatest common factor of 198 a nd 210 is 6. 
(c) Tho greatest common factor of 270 and 504 is 18 . 
(d) None of these 
The phrase 3 x 3 x 4 could be described as: 
82 
(a) A sot of factors of 36 
( b) A set of prime factors of 36 
(c) A prime factorization of 36 
(d) Tho greatest common factol'S of 3G 
(c) None of these 
U. \\~1ich of tho following· is the greatest common f:.tctor of 4016 , 126, and 396: 
(a) 1~ 
(b) 12 
(e) :lG 
(d) G 
(u) None of those 
N umber Thcol·Y: Primes nnd composites 
13. There are how many eomposite munlJCrs Jes~ than ~0: 
14. 
15. 
(a) 12 
(b) 15 
(c) 9 
(d) 10 
(e) None of these 
Which of the following is a prime number: 
(a) (d) 91 
(b) 87 (e) None of these 
(c) 117 
Resolve 330 into prime factors: 
(n) 3 X 11 X 10 (d) 2x3x5xll 
(b) G X 11 X 5 (e) None of these 
(c) 2 X 15 X 11 
Number Thcorv· Mu l tiples , LCM 
1G. What is the least common multiple of 5li and 21: 
17. 
(a) 33G 
(b) lli~ 
(c) 
(d) None of these 
What is the least common multiple of 18, 12, and 15: 
(a) 3240 
(b) 180 
(c) 3 
(d) 360 
(e) None of these 
18. Considering the relationship between the numbers 12 and 36, the 12 could 
be considered: 
(a) A multiple 
(b) A factor 
(e) The kast common multiple 
(d) The greatest prime mtmber le ss 
than 36 
(c) None of these 
8) 
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Aclclition: Without reoToupino· 
J.9, !.;l \\'h ich Of the following· a cJditiOll proiJlCll1::i iS l' Cg l'Oll})illg llL'CCS Sal'y: 
(a) ~ 1 + 3G 
(b) 32 + ll + 25 
(e) -14 + 12 + 33 
(d) All of lhe above 
(c) None of the above 
20. Which of the following is true: 
21. 
22 . 
(a) The sum o f 4~ and 26 contains seven tens 
(b) The s um of 27 and 62 contains nine tens 
(c) The su m of 3842 and 2037 contains nine hundre ds 
(d) The s um of 2 7, 932 and 312,063 contains eight ten-tousands 
(e) None of these 
Which of the following i s true: 
(a) If one addend i s five and the other addend is six , the s um is two more 
tha n twice the fir s t addend 
(b) If three adde nd s a r e twenty- one, thirty- s i x, and fifteen, the sum i s one 
less than twi ce the second adde nd 
(c) If one addend is fifty- six and the other addend is fifty-three , the r e are 
no hundred s in the sum 
(d) If th e sum i s s i xty-six, each of three addends could be twenty-two 
(c ) None of these 
Additi on: Rcu· rounincr 
In the addition exercise below, which of the following could be possible 
digits for the • : 
(a) 5 
(b) 2 
(c) G 
(d) All of the above 
(c ) None of these 
~3 . In which o( th e fo llowi ng addition problems is regrouping necessary: 
24. 
(a) s :W7 + ~:ll2 
(b) .17 ·11 + :J~ l 7 + ·1001 
(e) GOO:J + 2·154 + :;G:ll 
(d) ·1273 + 2 51 4 + :ll02 
(c) None of these 
\Vhi e h of the foll owin~ addition probh,ms has a sum or 3!J!l!l: 
(a) 1372 + 2426 + 211 
(b) 1052 + 501 + 234G 
(c) 1250 + 2436 + 313 
(d) GGO + 738 + 2142 + 459 
(c) None of these 
84 
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Aclclition: Properties 
~5. \\l1ich of the following is the identity element for addition: 
(a) 
(b) 0 
(c) 10 
(d) fl 
(e) None of these 
26 . Which pt·operty of whole numbers justifies the following statement: 
(4 + 3) + 5 ~ 5 + (4 + 3) 
27. 
28 . 
2~ . 
:Jo. 
(a) Distributive 
(b) Closure 
(c) Commutative property of addition 
(d) Associative property of addition 
(c) None of these 
Which number sentence illustrates the associative profJerty of addition: 
(a) 3 + (G + 7) ~ (5 + G) + 7 (d) 3 X 7 ~ (3 X 5) + (3 X 2) 
(b) (2 + 3) + 4 ~ 4 + (2 + 3) (e) None of these 
(c) 3 + (7 + 1) ~ 3 + (1 + 7) 
Subtraction: \Vithout rco·rou}2ing 
What is the value of 9 - (5 - 2): 
(a) 2 (c) Both a and b arc correct 
(b) 6 (d) None of these 
Which is correct: 
(a) 37 - G ~ (30 - 7) - 6 (c) 48 - 7 = (40 + H) - 7 
~ :Jo - (7 - u) ~ 40 + (H - 7) 
~ 31 = 41 
(b) 34 - G ~ (20 + 14) - 6 (d) 42 - 7 ~ (:JO + 12) - 7 
" 20 - (14 + G) = 30 + (12 - 7) 
= 2H = 25 
(c) None of these 
Which is t:OlTcet: 
(a) 14- S ~ 8- H (d) (1ti - 5) - 2 = 25 - (12 + 2) 
(b) 15 - :l I 17 - s (e) Nont.J of these 
(c) (9 - G) - 3 = 9 - (G - 3) 
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Subtraction: lh'oToupino· 
\\ '11 ich of the following represents the vroper regroupjng- for !he 
minuend in o1·der to solve 624- 47S: 
(a) GOO+ 10 + 14 
(b) 500 + 120 + 4 
(c) 500 - 120 - 4 
(d) 500 + 110 + 14 
(e) None of these 
32. For the problem 8002 - 3738, which is the correct answer: 
33 . 
(a) 5264 
(b) 4364 
(c) 5736 
(d) 4266 
(e) None of these 
In the probl em 384 - 296, what is the value of the minuend minus the 
differe nee: 
(a) 296 
(b) 9~ 
(c) 20s 
Multiplication: Hcpcated nclclition 
(d) 384 
(e) None of those 
34. In which case does the repeated addition represent the multiplication: 
(a) 9 + 9 + 9 + 9 + 9 = 9 x 5 
(b) 5 + 5 + 5 + 5 + 5 + 5 = 5 X 6 
(c) 7 + 7 + 7 + 7 = 4 x 7 
(d) All of the above 
(c) None of these 
35 . Which of the following best illustrates 3 X 5: 
(a) 3 + 3 + 3 + 3 + 3 
(b) 5 + 5 + 5 
(c) Both a and b i llu strate 3 x 5 equally well 
:Hi. v\1liCh of the following best iJluStl'alcs -! X :J: 
(a) < ~·?~~~~· 
(b) (( ~.I ~.I ~ I I I I 0 10 
<( \It \It \ (c) I I I I I 
' 5 10 
(d) ~~~~( J I I I f I I I I I I I I 
5 10 
(e) All of these represent 4 x 3 equally well 
~~ ) 
1~ ) 
1~) 
) I 
15 
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:llultiplication: Si1wlc dig-it factor and a fadot· of two or mo r e diu·it s 
37 . In the mul tiplication pt·oble m 4 x 17, the 4 tell s: 
38. 
39. 
40 . 
(a) How many sets are being considered 
(b) How many are in each set 
(c) How many in al l 
(d) None of these 
In the product o f 6 x 75 , 374 the five means: 
(a) five hundreds (d) fi ve hundred thousands 
(b) five thousands (e ) None of these 
(c) five millions 
The prodttct or 8 and G047 is: 
(a) 4S,n li (d) ti05G 
(b) 50,47G (e) None of these 
(c) 755 R7 
Multiplication: Two factors o f two or more digi ts 
In the multiplication exe r cise s hown below, whi c h horizonta l expression 
best illustrates through expanded notation the multipl ication of the partial 
products: 248 
X 2li 
(a) (G X 8) + (li X 4) + (G X 2) + (20 X :J) + (~0 X 4) + (20 X 2) 
(b) (6 X 8) + (!i X 40) + ((i X 200) + (~0 X 8) + (20 X 40) + ( ~0 X 200) 
(c) (G X o) + (G X ·10) + (G X 200) + (2 X!:>) + (2 X '10) + (2 X 200) 
(d) (li X o) + (li X 4) + (G X 2) + (2 X!:>) + (2 X 4) + (2 X 2) 
(e) None of these 
41. Wh e n yo u mul ti pl y 42G by th e 3 in the c•xe rci sc s hown here , you will get a 
mun be r tha t i:; ho w large compared with the final answer: 
(a) One-twelfth a s large 
(b) Fivc-si xth s as large 
(c) Twice as large 
(d) Ten times a s lar:,;c 
(e) None of these 
42 G 
l'he five in !he produd or ·lOti X 531 rept·cse nts : 
(a) Five hundreds 
(b) Fin' thousands 
(c) Fiv,, ten-thousands 
(d) Five hunclt·cd-thousands 
(e ) Thc t'e i ~ no fi ve in the product 
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:\lultiplicalion: !\lull. -Division relationship 
--±3. The inYerse of 3 x 8 = 2--l is: 
(a) 8 x 3 = 2~ 
(b) 24 -:- 8 = 3 
(c) 24 + ~ = 8 
(d) Both lJ and c :~re correel 
(c) None of these 
~4. The inverse of multiplication is: 
45. 
46. 
47. 
48. 
(a) Addition (c) Division 
(b) Subtraction (d) None of these 
Multiplication and division are ____ operations: 
(a) Equal 
(b) Additive 
(c) Inverse 
(d) Equivalent 
(c) None of these 
Mulliplieat.ion: Properties (comnl.. a~ soc . . iclen . l 
Which of tho following- sets contain an identity element for multiplication: 
(a) [1. 2, 3, 4, 5] (d) All of the above 
(b) The even whole numbers (c) None of these 
(c) { x I xis a whole number greater than 10} 
If x andy are any two whole numbers, then x • y is a whole number. 
This statement defines whi ch of the following properties: 
(a) Associative properly of multiplication 
(b) Closure property for multiplication 
(c) Identity property for multiplication 
(d) None of these 
The statement 4 x 5 x G = G x 5 x 4 illustrates which of the following 
mathematical prOiJ<'L"ties: 
(a) Associative prope t·ty of multiplication 
(b) Commul:ttive property of multiplication 
(c) Closure pwpcrty of multiplication 
(d) None of these 
88-
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i\Iu}(j pi ica t ion: Disll"i but i\'(' proJ.X~ rt Y 
4D. Which of tho followin;; illustl·atos the clistl'ibutiv" property or 
multiplication over addition: 
(a) (a • b) + (a • c) ~ (b • a) + (c • a) 
(b) (a · b) + c ~ c + (a • b) 
(c) a . (b + c) ~ (a • b) + (a • c) 
(d) None of these 
50. The mathematical sentence 2 x 36 ~ (2 x 30) + (2 x (i) illustrates which 
of the following: 
51. 
(a) The associative property of multiplication 
(b) The distributive property of multiplication over addition 
(c) The commutative property of multiplication 
(d) Closure 
(c) None of these 
Which of the following· illustrates tho distributive property of multiplication 
over addition: 
(a) 4 X 5 1/3 ~ (4 X 5) + (4 X 1/3) 
(b) (8 X 9) X 4 ~ 8 X (9 X 4) 
(c) 8 x G ~ G x 8 
(d) (7 X 2) X 4 ~ 4 X (7 X 2) 
(e) None of these 
Division: 1-dig-it divisor and 1-diu·it cmotiont 
52. Which of the following arc ways of expressing twelve divided by four : 
(a) 12+4 (c) 12/4 
(b) 4}12 (d) Both (a) and (b) 
(e) Choices (a), (b), 
correct 
53. In the equation 54 + D ~ G, the divisor is: 
(a) ti 
(b) D 
(c) 5-l 
(d) None of these 
Which of the following illLu;trates 1~ + 3: 
(!1) < .~.~.~.~. 
0 5 10 
(b) <tl 
(c) Both (a) and (b) 
(d) None of these 
'·" 
1) 
) 
and (c) are all 
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Division: 1-djo·it divisoc and 2-di•l·it quotient 
.-,,). \\hen ~:!2 is divided by e ight, the remainder i ti : 
(:t) ;) 
(b) 
(q 
(d) 
(c) None of these 
5G . If the quotient is 32, the divisor is G, and th e remainder i s 2, what is 
the dividend: 
57. 
59. 
(a) 5 (d) 194 
(b) 192 (c) None of these 
(c) 44 
0+ 4 = 36 
(a) 40 (d) 9 
(b) 12 (c) None of these 
(c) 144 
Division: Divisors of 2 or more dio·its 
Which statement best explains the 4 in the 
quotient of the followin~ division problem? 
(a) There are at least forty 24 's in 1080 
(b) Two goes into ten four times 
(c) There are four 24's in 108 
(d) None of these 
78000 + 300 = 0 
(a) 26000 
(b) :woo 
(c) 2GO 
(d) 2G 
(e) None of these 
(jQ, 1~. ~:ll + 0 ~ 47 
(a) 27:3 (c) 27:10 
(b) GO:J, 057 (d) None of these 
90 
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Didsion: Estimatino 
Gl. 1\"hich of the fol lo11i1o;; :ll· c true: 
G2. 
(a) 90 X 7 < G99 
100 X 7 > 699 
( i.J) 9 0 X 7 > G99 
100 X 7 < 699 
(c) Both (a) and (b) 
(d) None of these 
What is the largest multiple of 10 that will make this sentence true: 
n X 60 < 5723 
(a) 70 
(b) 90 
(c) GO 
(d) 80 
(e) None of these 
63. Which is the best estimate for 986 + 2!l: 
(a) 50 
(b) 40 
(c) 20 
Division: Averages 
(d) 30 
(e) None of these 
G4. What i:; the average of 1784, 1596, 1851, 1679, 2048 , and 18 GO : 
(a) 18 50 
(b) 1803 
(<.:) 1800 
65. Which of lhc following is true: 
(i(i. 
(a) The average of 8 and 36 is 44 
(b) The average of 14 and 24 is 10 
(c) The average of G and 30 is 180 
Another nume for arithn1etic mean i s: 
(a) Dit"l't'l'<JIH.:e 
(b) Avera~c 
(c) Sum 
(d) 1903 
(e) None of these 
(d) The avcm:-:c of 12 and 3H is 25 
(c) None of these 
(cl) Pl'Oduct 
(c) None of these 
91 
2 " 
3 
3 
U7 . \Vh:il i'\'t'cL! nl of !SO it> li'? 
(a) -1% 
(b) 900% 
(c) 25% 
(d) None of these 
GS. In the exer c i se 15% of 200 = 30 , the "percentage" i s: 
(a) 200 
(b) 15 
(c) 30 
(d) None of these 
69 . If a jacket which normally sells for $50 is on sale for $35 , how much i s 
the discount: 
(a) 15% 
(b) 30% 
(c) 70% 
!\1e:1suremcnt: Lc noth 
70. One mile is e qual to: 
(a) 5282 r,ct 
(b) 1670 yards 
(c) 5820 feet 
7 1. One inch is approximately: 
(a ) 25 em . 
(b) 2 1/2 em. 
(c) 30 em . 
(d) 35% 
(e) None of these 
(d) 1750 yards 
(c ) None of these 
(d) 250 e m. 
(e) None of these 
7·; Finding the distance from one poi nt to another involves what kind of 
measure: 
(a) Length 
(b) At·ea 
(e) Volume 
(d) None of the;;e 
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73. 
74. 
;\[ea.surcment: Area 
To del erm ine the amount of carpet needed to cover a L1 oor invo lves what 
kind of measure: 
(a) Volume 
(b) Area 
(c) Length 
(d) None of these 
lf the edges of a cube are four inche s long, what is the surfaec a r ea 
of the cube: 
(a) 4 squa t·c inches 
(b) 16 square inches 
(c) G4 square inches 
(d) 96 square inches 
(e) None of these 
75. What is the area of a n obtuse triangle if its base i s G inches and its 
height i s 7 inches: 
(a) 26 square inch es 
(b) 42 square inches 
(c) 13 square inches 
i"'ensut·c mc nt: V olume 
(d) 21 square inches 
(e) None of these 
7G. What is tho volume of a rectangular prism with the following measure-
77. 
me nts., I = 8 h = u w = 4 
(a) 18 eubic units 
(b) 18 square units 
(c) 192 square· units 
(d) 182 cubic units 
(e) None of these 
A r ec tangular prism has edges that measure 9 x 11 x 35 inches. If a 
gallon contains 231 cubic inches of water, how many gallons will the 
container hold: 
(a) 
(b) 11 
(c) :!.JI;G 
(d) 15 
(e) None of th es(' 
70. To determine tht.~ volume of a rec tang-ular prism, which of the 
foll o\ving- fornnlla::; wo uld you usc; 
(a) 5+ G+ 5 + 5 (d) I X IV X h 
(b) lxw 
•) (e) rr r""' 
(c) None of these 
9J 
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::\leasuremeni: Peri meter . c i r cu mf~.:~r cnee 
79. The perimete r of a polygon is c omputed by the follo wing method : 
(a) Length tim es wid th 
(b) Tot:Jlling th e l e ngths of all of its sides 
(c) Length times wid th times heig·ht 
(d) None o f these 
8 0. Which of th o following formulas i s used in cotnputing the eit·cumfct·cncc 
of a circle'? 
(a ) 2 rr r 
(b) rr r 2 
(c) d x rr r 
(d) None of these 
81. Which formula would be u:;ed to compute the pe rimeter of a foot ba ll field: 
(a) I x w 
(b) s + s + s + s 
(e) l X W X h 
Me asurement: Ml'tric System 
o~> One meter i .:; equa l to: 
(a) 10 centimeters 
(b) 1000 deci nw ter s 
(c) 100 millimeters 
83 . One kilomete r is : 
(a) Gt·cate r than one mile 
(b) Less than one mile 
(c) Equal to one mile 
•) 
(d) TTC 
(c) None of these 
(d) 10 de kame ters 
(c) No ne of these 
84 . If u h or se walks 8 kilomelet·s per hour, how far will lhe horse 
walk in :.:: hours: 
(a) 2-lO, 000 nll'll'r s 
(b) 2-J()() h0elollle[t.)l' S 
(e) 2-1000 dck:11neters 
(d) 240 dccimetct's 
(c) None of these 
94 
In the division< ' .'·· '~'' ""' 1/0 + l/2 = :!/3, the 2 / :J represent:;: 
(a) 2/:l of a wholu 
(b) 2/3 of one -half 
(c) 2/ 3 of onc-thi rd 
(d) 2/3 of two-thirds 
(e) None of these 
SG. Which of the foJ!owing is a rational number'? 
(a) 1/ 4 
(b) 25% 
(c) . 4 
(d) Choices (a), (b), and (e) :u·c 
all rational numbers 
(e) None of these 
87. The rational number 4/ 5 means: 
88. 
89. 
\JO. 
(a) 4 011t o[ 5 equivalent di:;joi nt sets 
(b) 4 parts of an objeet which has been divided into 5 equal parts 
(c) 4 divided by 5 
(d) Any of the above could be correct 
(c) Nonu of these 
l~at.ional Numbers: Equivalent ft·actions 
Given 5/ G :::= x/ 18, what is the value of x? 
(a) 17 
(b) 
(c) c.; 
(d) 16 
(e) None of these 
Given the fractions a/band c/d, a test for equivalency is whether 
or not: 
(a) a x d ~ b x c 
(b) axe = bxd 
(e) a x b = c x c.! 
(d) a X d "· C X d 
(c) None of these 
The fral'lions 2/ :J, ~ / li, o/U, and 10/ l5 are called: 
(a) Lil;,• ft·actions 
(b) Equal fraetions 
(e) Mixed fmetions 
(d) Equivalent fraelions 
(e) None of these 
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Haiion:1l Numbers: Rcducjnrr to l oWl'~t te1·ms 
!J] . '. '. l .ieh uf the follo l':i n~ is a reduced fraction: 
(a) r;/:J 
(b) 24/27 
(c) 12/15 
(d) 2/4 
(e) None of these 
92 . When the rational number 15/45 i s r ed uecd to l owest terms, the 
result is: 
(a) 1/4 
(b) 3/9 
(e) 1/3 
(cl) 5/15 
(e) None of these 
93. "L/3 is the redueed form of which of the following: 
94. 
(a) 15h5 
(b) 3/4 
(c) 45/GO 
(d) 75/ 1 ~0 
(e) None of the s e 
Ha ti onn l Numbers: Adclin"' fractions ancl mixed numeral s 
Compute : 2/3 + 2/5 = ? 
(a) 4/15 
(b) 1 l / 15 
(e) 4/8 
(d) 10/:i 
(c) None of these 
95. :! 2/:l + ;J 4/9 ~ ? 
(a) 5 G/12 (d) 11/1:! 
9(;. 
(b) 5 10/ 18 (e) None of these 
(e) 15/9 
In order to solve the• problem 5/9 + 7/15 it i s nceessa 1·y to fine!: 
(u) Tlw least common multiple of 9 and 15 
(b) Tho greatest eommon fac to1· of 9 ancl 15 
(e) The gl'cu test common factm· of 5 and 7 
(d) The least eommon multiple of 5 a nd 7 
(c) None of the:;e 
1L1lion:d Numbe r s: !\lixcd llllllH.~ l~:t l~ and impropt•r fr:tctions 
07 . ~.) 7/:3 is a: 
(a) Whole numbe r (d) Irrational number 
(b) Mixed nume ral (e) None of these 
(c) Natural number 
98 . Which of the following i s an improper f1·acti on: 
(a) G/5 
(b) 9/9 
(c) 8/10 
(d) Both (a) and (b) 
(e) None of these 
99 . Which of the following terms describes the rational num ber 23/21 : 
100. 
(a) Cardinal number 
(b) Improper fracti on 
(c) Mixed numeral 
(d) P r ope r fra ction 
(e ) None of these 
11ati onal Numbers: Subtractitw fractions and mixed numerals 
1/7- 7/50 = 
(a) 1/ 700 (d) 43/350 
(b) 1/:J50 (c) None of these 
(c) 3/70 
101. With which problem is r eg r ouping necessary"? 
102. 
(a) 2/5 - J /5 
(b) 7 3/ti - 4 1/8 
(c) 9 7/Hi- 3 5/1G 
(d) 7 3/10- 4 7/ 10 
(c) None of these 
Whi ch of the following contains an error: 
(a) 7 1/2 = 7 2/4 = G G/ 4 
- 2 :ill = 2 3/4 = 2 3/4 
4 3/4 
(b) !i ~ /3 = G S/12 
-.u.L!1= l..1L.l1. 
5 1/ 12 
(c) 8 4/9 ~ ti ti/18 ~ 7 2G/ l H 
- 5 5/() = :> 1 5/18~ ,9 15/ 1 H 
2 ll / 1 ti 
(d) 'l 7/10 = 4 2 1/:J O 
-2 11/15= 2 22/~0 
2 1/3 0 
(e) None of these 
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H:liion:tl Nurnbt•r s : l\1ulUplyjno· fr:-tetions nnU mjxed 11UlllL' rals 
(a) ti / o 
( b) 30/18 
(c) 16/o 
10-l. 3/5 . 3 / 5 = 
(u) 9/25 
(b) 9/5 
(c) 3/25 
(d) 
(e) None of thc~e 
(d) G/10 
(c) None of these 
105. What is the value of "a" in the following sentence: 
'2 / 7 X 7/2 = (2 X 1/ 7) X (7 X 1/2) = a X b 
(a) 1'1/14 (d) 2/2 
(b) 7/2 (e) None of the~c 
(c) 14 
Hrtlion:d Number::;: Diviclinn· Fractions 
lOti. 1/3 + 3 1/G = ? 
(a) '2/19 
107. 
(b) 19/18 
(c) 2/3 
.1._lli 
3 1/6 means 
(a) 4 3/5 + 3 1/ti 
(b) 3 1/G + -1 3/5 
(c) 1/G X 4 3/5 
(d) 19 /'2 
(e) None of these 
(d) 4 3/5 - 3 1/G 
(c) None of these 
108. Which of the following ha s a quoti ent of 1 1/2 : 
(a) 1/4 + 3 :J/o 
(b) :l :l / 8 + '2 1/ -l 
(c) :l/'l -;. ti/11 
(d) Both (b) and (c) 
(e) None of these 
98 
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Dceimals: Addino· and SubtractinK 
109. What is the hundreds dig·it in the answcc to 3375.49 - 861. 1? 
(a) 9 
(b) 
(c) 4 
(d) 
(e) None of these 
110. 495.738 + 3G7.2 ; 
(a} 49941.0 (d) 862. 931; 
111. 
(b) 499.410 (c) None of these 
(e) 8G. 2938 
When s ubtracting decimal numerals: 
(a) The number of decimal places in the difference is equal to the 
s um of the decimal places in the minuend and subtrahend . 
(b) The number of decimal places in the diffecence is equal to the 
product of the clcc i mal places in the minuend and subtrahend. 
(c) The decimals in the minuend, subtrahend, and difference are 
lined up with each other . 
(d) The place value of the digits in the difference is not dependent 
upon the position of the decimal. 
(c) None of these . 
Decimals: Mulliplvitw 
11~ . 0. 7 X 0. 02 ; ? 
(a} 0. 14 
(b) 0. 014 
(c) 1. 4 
113. 5/1000 of o. lG is: 
(a) • 8 
(b) • 08 
('-') . 008 
(d) 
(e) 
(d) 
(e) 
14 
None of these 
. 0008 
None of these 
114. \\~1011 mult.iplyin~ decimal numerals, tho: position of the cleeim:tl in 
the pcodud is dete nninecl by: 
(a) ~lultiplying th e numbec of positions to the right of the dcimal in the 
two factors. 
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(b) Adding the numbet· of positions to the right of the decimal in the two factors. 
(c) Mulliplying the number of positions to the l e ft of tlw decimal in thL' two 
faetocs. 
(d) Adding the numbcc of positions to the left of the decimal in the two factot·s. 
(C) None of these 
2 
2 
100 
Decimals: Di\·idin·)· 
11 !). \\1lit'h uf the following di vi::;ion CXampl L~S Willt'l'Stli{ ill llll' quoUent ~!) .:2'! 
(a) . 5 J. l~G (d) • OUG.) ). J~li 
(b) .05 ).12G (e) None cf the~c 
(c) . 005 ). 12G 
llG . The quotient of 3~G. G + . 71 is: 
(a) . 0-!G (d) 4 . G 
(b) .4G (e) None of these 
(c) 460 
117. In the division . 04A ). 5<).38 , moving the decimals to the potiition~ indicated l 
by the "" " has the fo llowing effect: 
(a) Both th e divisor and dividend arc multiplied by 100 and the quotient 
is 10 tin1es gTeater . 
(b) The divisor, dividend, and quotie nt are all multiplied by 100. 
(c) The value or the quotient is reduced. 
(d) It hati lh e c lTcc.:l of multiplying the entire problem by one . 
(c ) None of th c~e 
Decimal s: !{epe;JLino· and terminutinu· 
118 . Expressed us a decimal, thefraction 1/G i s exac tl y equal to: 
119. 
(a) .lli 
(b) . 1G7 
(c) . 1 GG 
(d) • 1GG7 
(e ) None or these 
Num bers whose decimal equivalents terminate arc: 
(a) All reai numbcr ti 
(b) All rational numbers 
(e) All rational number~ which have a ~ or a ;; in the denominator 
(d) All l'ational number~ which hav e: no othe r prime ra c torti or lhcil' 
de nom ina tors Lh an :! and 5. 
(c ) None or thetie 
120. In pcr form in~ the division indicated by ·l/9 the resultin~ quotie nt will be a: 
(a) Tcrmi nati ng· det:i mal 
(b) Complckcl ckcimal 
(e) Pt·opct· fr:~dion 
(d) Hcpcating decimal 
(c) None o f thetie 
2 
~~ t. 
GI·:t phin···: Graphing· Coordinates 
1Vhid1 of the fo ll owi n~ i s plollcd a t the ri~hl: 
(a) y ~ 2x - 3 
(b) y ~ 2x+3 
(c) y = 3x - 2 
(d) y ~ 3x + 2 
(c) None of these 
Which of the following equations is represented 
graphically: 
(a) X = 2y 
(b) y ~ - 2x 
X (c) X = - 2y 
(d) y ~ 2x-l 
(c) None of these 
y 
123. Which of the following identifies the point on the g raph: 
(a) (3, 4) 
(b) (4, 3) 
(c) Doth (a) and (b) 
(d) None of these 
Gra phino·: Functions 
101 
124. If a line passes through the points (0 , - 2), (1, 0), a nd (2 , 2) on a coordinate 1 
system, it repr ese nts whi ch of the following functions: 
125 . 
(a) f(n) ~ 2n 
(b) f(n) ~ 2n -2 
(c) f( n) = 2n + 2 
(d) f( n) = n - 1 
(e) None of these 
Which of the following functions is rcpt·csentcd 
on the graph: 
(a) f(n) = 2n + 2 
(b) f(n) = n + 3 
(c) f(n) ~ 2n - ~ 
(d) f(n) = n- 2 
(c) None of these 
-to 
1~(). \Vhieh line represe nts f(n) = 2n + ~: 
-(a) AB 
<b> en 
(c) 'frr 
(d) None of these 
c 
10 
3 
Gt·~lph in n· : Graphino· neo·ati \'0 numlh .. ' J':::\ 
127 . Identify the quadra nt or axis in which the point ('1, - J) is found : 
(a) First quadrant 
( b) Pos itive verti cal axi s 
(c) Thicd quadrant 
(d) Negative ho1·i zon tal axis 
(e) None of these 
128 . Which point on the graph repr esents (- 3 , - 3): 
A B 
(a) A 
(b) J3 
(e) c 
(d) D 
(e) None of the se n c 
129. Which of the following represents the x- axis value for the point on the 
130 . 
(a) 
( b) -3 
(c) 5 
(d) -s 
(e) None of these 
Special Topics: Bases other than len 
Solve the following: 
(a) l 10 
(b) 1 ~ 
(c) 2:! 
• 
(d) 36 
(c) None of these 
131. V\ll1ich tiC t of nume ra ls arc not li s ted in a consecutive counting- oedcr: 
(a) 
(b) 
(c) 
132 . 0 
(a) 
(b) 
(c) 
llO, 111 , 11 ~ (Base :l) 
14, 20, 21 (Base 5) 
100 , 101, I 10 (llaoc 2) 
X 20 = 300 . 
three lour 
:w. l our 
10 
eight 
1000 
two 
(d) 101, ll O, ll l (lla:;e 'I) 
(e) None of llwsl' 
(d) All of the above 
(e) No ne of these 
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l~;:i. The llll!llt'l"~il Ollt' ntillion, Oll1....' hundred OllL' lhou ~: IIHI, kn. ;11HI thl'l' t ' 
t hUUSaiLd\h ::i , it' \\Tilll:ll aS full O\VS : 
(a) 1,100,110.003 
(b) 1 ,1 01,010 . 0003 
(c) 1,100,001,010.003 
(d) 1, 101' 01 o. 0~! 
(e) None of thc~c 
134. \V]yich of the following is arranged in order of dec.:reasing value: 
(a) 
(b) 
(c) 
. 005, 
• 53, 
. 005, 
. 05, . 051, 
. 501' . 051, 
. 05, . 051, 
. 501, 
. 05, 
. 53, 
. 53 
. 005 
. 501 
(cl) • 501, . 53, . OG1, . 05, . 005 
(c) None of the~e 
135. In a place value system the value rcprc~cntcd by a gi ven sy mbol: 
(a) Is always the sa,nc as the fa ce value of the symbol 
(b) I s independent of the base 
(c) Is i ndependent of the position of the symbol 
(d) Depends on both the pos ition of the symbol and t he base 
(c ) None of these 
Speci:d T opies: E"ponents 
13G. .SO c" D 
(a) 0 (d) so 
l:l7. 
(b) 1 
(c) 8 
5 What is th e value of~ : 
(a) 10 
(b) 3~ 
(c) lli 
(e) None of these 
(cl) G4 
(c) None ol these 
l:~t'. An exponent: 
(a) 'J'l•l ls how many tilltc>s to :1dd a nutnbcr 
(b) Tdls the s i ~c olllw base 
(c) Tell s how '"'"':-' li mes a num ber is to be used as a factor 
(d) I s :111 l'"P:lllllcct fot·m of mulliplie:ttioll 
(<') Nolle o f these 
10) 
Sp~.• ei:tl Topics : Clnck :ttHI modul:1r :tl'ithnh'Lil· 
(:!) 0 
(b) 1 
(c) :! 
(d) 
(e) I'\01)1..) or iflL'~l' 
140 . \Vhich of the fol l owin:;· is true: 
(a) ;; a 9 (mod~) (d) 34 := - 7 (mod 13) 
(c) None of these 
141. 
l-1~. 
(b) 7 + 2 =: 3 (mod G) 
(c) 4 E - 4 (mod G) 
Using 5-mi nute clock arithmetic, wh ic h of the following is a 
true sentence: 
(:!) ~ -1- :l 0 (d) 1 -1- J ·.:: •) 
(b) .-l - ·l -- (c) NonL' of lhesu 
(c) ., - :1 ~ 
(a) The additive inverse of G 
(b) Th<' :tddili ve inverse of the additive inve rse of G 
(c) A negative number 
(d) All of the a bovc arc correet 
(e) None of these 
143 . (- x) + (-y) ~ 0 
(:!) X - y 
I-ll. 
( h) y - " 
(c) - ('- -1 y) 
(d) - '> I V 
(v) NOilt> or thc'Sl' 
-
~ 
•) 
j,s l.' qual to: 
(a) !l/Hi 
(b) -4 
(e) -1 
(d) -~/ ](i 
(c) None of thcSl' 
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Special Topics: Probabilit \" 
· !_~;. On lhc ~in~lL' tos::; or :1 pail' or cliec, what is lhe prolxdlilil,\ th:tl thL'il' 
Slllll i.s J ii' YVU :tr ... · told th:i1 one of th e dice eaml' up::: 
(a) 1/lS 
(b) 1/G 
(c) ~/U 
(d) lh 
(e) None of lhest• 
1-!G. One card is dra wn from each of two st•ts of four eanls (each set 
lllltnbercd 1 tlu·oug·h ·1). \Vhal is the probability that the stull of 
the nurnber.s is equal lo seven: 
(a) 1/4 
(b) 1/S 
(c) l /1G 
(d) None of these 
147. A box eontains four black, seven white, and three r ed balls . If 
one ball is dt'a\\'n, ll'hal is the probability that it is reel: 
(a) :J/7 
(b) :>./7 
(c) 3/14 
Special Topic ~ : : l ncqualiLics 
148. H a < b, then: 
(a) ac < be 
( b) e - a < e - b 
(c) a + c > b + c 
(d) 1/ 7 
(e) None of these 
(d) - a < - b 
(e) None of these 
149. Which of the following could be made true by using the symbol " <" : 
(a) 5/98 U3 
(ll) 9 /7 G/7 
(") 11/~ uQ s/15 
(d) G/21 0 lO/:J5 
(e) None of lhc·st' 
ISO . \Vhit'h or the l'ollowing .symUol.s c..:uuld Ue u.scd to lll:tkl: thh; Sl'llletH.; c 
ll'UU: ~ + ·J Q :! · 7 
(a) I 
(b) < 
(c) .:0. 
(d) All of llll' :dX)\'c' 
(c) None• olllw above 
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i :)]. 
{a ) 13 
( b) 9 
{c ) 
(d) 
{c) !'lone of these 
152. 1" 11ich open scnl8ncc defines the f unction whose member s 1 x, f {x) J at·e 
shown at right: 
{a) f(x) ~ x+3 
(b) f( x) = 2:-< + 2 
{c ) f(x) ~ :lx+ 2 
(d) l{x) = 2x + 3 
{c) None o f these 
l!:i3 . U l(n) ~ -In - ;; and n ' 5, what i s f(n): 
{CI ) 17 
(b) 
{c ) 
Speci:Jl Topics: 1\lc:tn . modi~tn . mode 
X r "l 
0 :J 
.) 9 
{d) ~;) 
{e) None u[ lhe,;c 
JS"l. Gi ven the data 7, G, G, 10, 6, th e mode is: 
{a) 5 
(b) 17 
{c) 10 
(d) 
{c) None of these 
155. Gi ve n the d<.1ta 3, 7 , 5, 9 , 15, 10, 5, \\'hich o i' LhL~ foll owing i .s a 
true statcnw nt: 
{a) Mc':lli ~ 7 (d) M"dian . 7 
{b) ~Tcdian :!.7 {e) None of t.he:c;c 
{<:) ~lode '· l s 
I :)(i. l;i\'l'l1 th e d:1l:1 10, fl, 1 G, !>, ;), 7 , ; )~ thL• numh~..·t· :!.7 i:-; the: 
{a) i\h';tll 
(b) t\kdi; Jtl 
{L') !\hll k 
(d) NOlll' or these 
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(~1) ThL' ~L'l of :Ill Jlll:-;itiVL' ~tnd ncg-at.i\'l' r:1lion;tl lllllllLh .. 'l'::> 
(b) Tlw set or :tll positiv,· whole numbct·s 
(c) The set or all natul'al numbcl's and lheit· addilive inverses 
(d) None of these 
158 . The l'aiffiAal number 1/ 2 is found in whid1 or the following: 
(a) The sel of natural numbers 
(b) The set of integers 
(c) The set of whole numbers 
(d) The set of real numbers 
(c) None of these 
159. In the suntence, "John w:ts the 1:Jth ]JCr:oon selected for a scholarship," 
\\·hal kind of nu mber is 15: 
(a) Or eli n:il 
(b) Cardin:d 
(c) l1Tational 
(d) Nonl' of thcse 
1GO. Which or the foll owing· phrases best describes the ter m "congTuenl": 
lGl. 
(a) Is related to 
(b) Smaller than 
(c) Large r lhan 
Al3:=EF me ans : 
(:1) Aii is approximately equal to EF 
(b) AB is congruent to EF 
(c) Aii and 5 at·c parallel 
(d) ATI is jJCrpc ndil'ui:Jl' to EF 
(l') NonL' or these 
(d) Same size and shape as 
(e) None or these 
1 G:..!. Two t ri :1ng·lcs n n.: eongTu~...m t if: 
(a) The ::;ma ll triangiL' l'it::; perfectly inside the l:trgL' triang-le 
(b) Tlw.v a1·c both cquilal.cl':d triangles 
(c) Wh e n one is placed over the other l.lwy lit L'>::Jcllv 
(d) The side~ or one l ri~lllg" lc arc paralll·l to the sides of lhl' othe1· 
lrlang-le 
(e) None of these 
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lG: ; . ( ;iYl' ll till_' impliL·:t lion . "lt ptlwn lj 11 :tnd ~:)\ ' VJ\ th:tt q i ~ tt·u.._·, \\hil'11 
of the foll o\ring would IJl• :1 \':did n .>lll..'lu:-;ion: 
(a) pi ~ true 
(b) p may be either tntc or false 
(c) pi s fal se 
(cl) pi s ne ithe r tt·uc nor false 
(c) None of these 
10-L Given th e in1plication, "H you like mathctYiatics, then you Ukc th is course,'' 
Which of the following is the COilVel'SC of that implicati on: 
(a) H you do not like mathcm~tics, you do not like this course. 
(b) H .vou likl' this eourse, you like mallwmntics . 
(c) H you do notlik<' lhis course, you do not like maih <:t lialics . 
(d) l\onl' of thcs<J 
lli:). Given the pt:oposHion, 11 All students :t re inte lligent ," which of the 
follo\\"ing best Uesc1·ibes the stateme nt, "If you ~tre not intellig-ent, 
lha n you arc not a stude nt." 
(a) Ncg:ttion 
(IJ) Converse 
(c) Invct· s c 
Gcornciry: An•rJes 
(d) Conll·apositivc 
(c) None o f these 
lUG. Given angl e s 1, :!, :3, and--! as shown below, 
which term be st describes the relation between 
L ~and L -1: 
(a) Supplementary angles 
(IJ) Colllplcnll.'lli:ll'.\' an~lcs 
(<') VPrlic:tl ang;lcs 
(d) Supplenlcnt:Jry :trljaccnt angles 
(c) None of these 
l<i7. A ·1G 0 ang-l e would lx~ classified a~ which of lhe foilo\\'ing·: 
(a) i\l'Ule :tng;ll' 
(b) Obtuse :tng·le 
(l') J{j~!;ht :1ngJ .. · 
(d) Slr:tig;ht :tng·k 
(e) NonL' of these 
1()~. ThL' conwr of :1 window forms an angk'! of: 
(a) ·IS0 
(b) titl 0 
(c) ~0° 
(d) lt>Oo 
(c) !\one of Lhesc 
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it::1 . _\ poly!wd t'llll \\ith 1:! bees is a: 
('<) j', ·u·:dwdcon 
(b) Oc tahedron 
(e) Jc.;os:thedcon 
(d) D<)(ie ,·ahcdron 
(e) None of these 
170. A J'Cel:ltlgular Jl.\T:tmid ha.s how l1l~1ny f:..u..:e.s: 
(a) 
(b) -l 
(c) G 
(d) 
(e ) None of these 
171. \\•11i<.:h or lhc following .space figures has .six cdgl'.s: 
(a) T t·i:tng-ulat· pt· ism 
(b) TL' tt·ahccl c on 
(e) He <.:langulat· pyt·:unid 
(d) Cube 
(c) Nonl' of the SL' 
Gcontet rv: Points. sc•rmc nts . r~1ys. and l ines 
172. Given three point s nol on ~t stra.ight line, how m.any planes can conta in 
a ll lht' L'" points: 
l t:; . 
174. 
(a) ZUl'O 
(b) thcec 
(c) onL' 
(d) Jnfi nile number 
(c) None of these 
A line .St...'g· nll:~ nt containing· points A and B cou ld hl' rel"cl 'l'L'd to 
symboli call y a s : 
(a) - Al3 
(b) All 
-(c) AB 
Which ul llw following is true of a ray: 
(a) I·: :"\tends on :11HI on in two dircelion.'-i 
(d) Ai3 
(c) None of these 
(h) lias one end point anciL~ ;..;.tend.s on and un in one di t' lTt iun 
(l') Js a tht·cc-dinwnsional uujl'<.:l 
(d) Is :1 point i n sp:>cc: 
(c) l\'""' ul lltL'S<' 
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17.J. \\ hich or llw i'ollo\\'ing; typL'~ of Lt•i:inglL't' h~t:-; an :tlli{litll..' t.'tHIJlllill\ 
\\ hi l·!l j:::; not a \'l•rk .': 
17G. 
(a) Hight I rianglC' 
(ll) Obbse tri:111glC' 
(c) A~utc triangle 
Wh ich o( the fol lowing is a polygon: 
:::oO 
( ~) 0 
(d) T t-~O::'C('ll't-1 {t'i:tll~!;lC 
(c) None' of lhL'SL' 
(d) All of the above 
(c) No ne of these 
177. A 7-sided planL' figure is called: 
(:1 ) ll c~:~gon 
(b) Ol'lagon 
( c) Nonagon 
(d) llec:~g·un 
(c) None of these 
Ceomctr\·: Svmtrw t rv. relleclions, simil:1 t' p:ll terns 
178. Given6ABC ~ to.DEF . IfAB =S , BC ~ ·l, andDE = l2, wlwtis 
EF: 
179. 
180. 
(a) G 
(b) R 
(C) 4 
\Vhit;h o f the litH~s running: through the 
l'i..'Claltg·lc i :::; ~I litH.' of S)'l1li11Cil'y: 
oH> 
(a) AB 
(l.>) Ho!l t W :tm1'1:f.' 
.... <..,.. ~ (c) AJ3, CD , :tnd 1·: l<' 
(tl) None of thL'SL' 
(cl) 12 
(c) None of these 
1l 
Which of the foll owing te rm s descr ibes the rc l:ttionship between llwse 
(:t) 
(b) 
(e) 
Symmetry 
Rdlcctions 
6 (d) All of the above 
(e) None o f these 
11 0 
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APPENDIX E 
Preliminary Test I>orms A and B 
FORM A 112 
1. Given that A = {I , 2 , -1, 5) , B = {I , :l, -t, 7}, C = {1, 2, 3, u} , which 
of the following is most appropriate for expres sing the union of A, n, and C: 
2. 
(a) AU B U C = {1, 2, 3, 4, 5, 6, 7} (d) AU B U C = { ) 
(b) A U B U C = (1 , 1, 1, 2, 2, 3, 3, 4, 4, 5, 6, 7} (e) None of these 
(c) AU B U C = {1} 
IfSetA = { a, b, c , d, e} 
(a) { a, b, c, d, e, f, g} 
(b) {d, e} 
(c) {a, b, c, f, g} 
and Set B = {d, e, f, g), what is An B : 
(d) { a, b, c, d, d, e, e, f, g} 
(e) None of these 
3. Given that Set A = {1, 2, 3, 4} and Set B = { 5, 6, 7}, which of the 
following is true: 
(a) An B = 0 
(b) AU B ={} 
(c) An B f { } 
4. "3 x 3 x 4'' could be described as: 
(a) A factorization of 36 
(b) A s e t of prime factors of 3G 
(c) A prime factorization of 36 
5. Resolve 330 into prime factors: 
(a) 3 X 11 X 10 
(b) G X 11 X 5 
(c) 2 X 15 X ll 
(d) AnB = {0} 
(e) None of these 
(d) Both (a) and (c) 
(e) None of these 
(d) 2 X 3 X 5 X 11 
(e) None of these 
b. What is the least common multiple of 5ti and 21: 
(a) 33 6 
(b) 168 
7. Which of the following is true: 
(c) 
(d) None of these 
(a) The sum of 43 and 26 contains seven tens 
(b) The sum of 27 and 62 contains nine tens 
(c) The sum of 3842 a nd 2037 contains nine hundreds 
(d) The sum of 27, 932 and 312, 063 contains eight ten-tousands 
(e) None of these 
8 , In the addition exercise below, which of the foll owing could be possible 
digits for the . : 
(a) 5 
(b) 2 
(c) G 
(d) All of the above 
(e) None of these + ~ ; ~ 
&a-
9, Wltich proper!.\· of whole numbers j ustifies the following s tatement : 
(4 + 3) + 5 ~ 5 + (4 + 3) 
(a) Distributive property of multipli cation over addition 
(b) Closure for addition of whole numbers 
(c) Commutative property of addition 
(d) Associative property of addition 
(e) None of these 
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10, Which of the following properly s hows subtraction by expande d notation: 
(a) 37 - 6 ~ (30 - 7) - 6 (c) 48 - 7 ~ ( 40 + 8) - 7 
~ 30 - (7 - 6) ~ 40 + (8 - 7) 
~ 31 ~ 41 
(b) 34 - G ~ (20 + 14) - 6 (d) 42 - 7 ~ (30 + 12) - 7 
~ 20- (1 4+G) ~ 30 + (12 - 7) 
~ 28 ~ 25 
(e) None of these 
11, Which of the foll owing represents the proper regrouping for the 
minuend in order to sol ve 624 - 478: 
(a) 600 + 10 + 14 
(b) 500 + 120 + 4 
(c) 500 - 120 - 4 
(d) 500 + llO + 14 
(e) None of these 
12. Which of the following best illustrate s 3 x 5: 
(a) 3 + 3 + 3 + 3 + 3 
(b) 5 + 5 + 5 
(c) Both a and b illustrate 3 x 5 equally well 
(d) Neither (a) nor (b) illustrates 3 x 5 
13. In the multiplication proble m 4 x 17, the 4 tells : 
(a) How many sets a r e being considered 
(b) How many are in each set 
(C) How many in all 
(d) None of these 
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14. In the multiplication exercise shown below, which horizontal expression 
best illustrates through expanded notation the multiplication of the partial 
products: 248 
L1.§... 
(a) (6 X 8) + (6 X 4) + (6 X 2) + (20 X 8) + (20 X 4) + (20 X 2) 
(b) (6 X 8) + (6 X 40) + (6 X 200) + (20 X 8) + (20 X 40) + (20 X 200) 
(C) (6 X 8) + (6 X 40) + (6 X 200) + (2 X 8) + (2 X 40) + (2 X 200) 
(d) (6 X 8) + (6 X 4) + (6 X 2) + (2 X 8) + (2 X 4) + (2 X 2) 
(e) None of these 
15. The inverse of multiplication is: 
(a) Addition (c) Division 
(b) Subtraction (d) None of these 
16. If x andy are any two whole numbers, then x • y is a whole number . 
This statement defines which of the following properties: 
(a) Associative property of multiplication 
(b) Closure property for multiplication 
(c) Identity property for multiplication 
(d) Commutative property for multiplication 
(e) None of these 
17. Which of the following illustrates the distributive property of multiplication 
over addition: 
(a) 4 X 5 1/3 = (4 X 5) + (4 X 1/3) 
(b) (8 X 9) X 4 = 8 X (9 X 4) 
(c) 8 X 6 = 6 X 8 
(d) (7 X 2) X 4 = 4 X (7 X 2) 
(e) None of these 
18. Which of the following are ways of expressing twelve divided by four: 
(a) 12 -i- 4 
(b) 4 Ji2 
(c) 12/ 4 
(d) Both (a) and (b) 
(e) Choices (a), (b), and (c) are all 
correct 
19. If the quotient is 32, the divisor is G, and the remainder is 2, what is 
the dividend: 
(a) 5 
(b) 192 
(c) 44 
(d) 194 
(e) None of these 
20. Which statement best explains the 4 in the 
quoti e nt of the following division problem? 
(a) There are at least forty 24's in 1080 
(b) Two goes into ten four times 
(c) There are four 24's in 108 
(d) None of these 
45 
24 hoso 
21. What is the largest multiple of 10 that will make this sentence true: 
n x 60 < 5723 
(a) 70 
(b) 90 
(C) 60 
22. Which of the fo llowing is true: 
(d) 80 
(e) None of these 
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(a) The a verage of 8 and 36 is 44 
(b) The average of 14 and 24 is 10 
(c) The average of G and 30 is 180 
(d) The average of 12 and 38 is 25 
(e) None of these 
23. If a jacket which normally sells for $50 is on sale for $35 , how much is 
the discount: 
(a) 15% 
(b) 30% 
(c) 70% 
24. One inch i s approximately: 
(a) 25 em . 
(b) 2 1/2 em. 
(c) 30 em . 
(d) 35% 
(e) None of these 
(d) 250 em. 
(e) None of these 
25. If the edges of a cube are four inches long, what is the s urface area 
of the c ube: 
(a) 4 square inches 
(b) 1 G square inches 
(c) 64 square inches 
(d) 96 square inches 
(e) None of these 
26. What is the volume of a rectangular prism with the following measure-
ments? l = 8 h = G w = 4 
(a) 18 cubic units 
(b) 18 square unit s 
(c) 192 square units 
(d) 192 cubic units 
(e) None of these 
27. The perimeter of a polygon is cornputed by the following method: 
(a) Length times width 
(b) Totalling the lengths of all of ii ts sides 
(c) Length times width times heig:ht 
(d) None of these 
28. One meter is equal to: 
(a) 10 centimeters 
(b) 1000 decimeters 
(C) 100 millimeters 
29. The rational number 4/ 5 means: 
(a) 4 out of 5 equivalent disjoint sets 
(d) 10 dekameters 
(e) None of these 
(b) 4 parts of an object which has ileen divided into 5 equal parts 
(c) 4 divided by 5 
(d) Any of the above could be correct 
(e) None of these 
30. Given the fractions a / band c/d, a ltest for equivalency is: 
(a) a x d ; b x c 
(b) a XC ; b X d 
(c) a x b ; c x d · 
(d) a X d ; C X d 
(e) None of these 
31. When the rational number 15/45 is Jreduced to lowest terms, the 
result is: 
(a) 1/ 4 
(b) 3 / 9 
(c) 1/3 
(d) 5/ 15 
(e) None of these 
32. In order to solve the problem 5/ 9 + 7/15 it is helpful to find: 
(a) The least common multiple of 9 and 15 
(b) The greatest common factor of 9 and 15 
(c) The greatest common factor of 5 and 7 
(d) The least common multiple of 5 and 7 
(e) None of these 
33. Which of the following terms describes the rational number 23/21: 
(a) Cardinal number 
(b) Improper fraction 
(c) Mixed number 
(d) Proper fraction 
(e) None of these 
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34. 1/ 7- 7/50 ~ 
(a) l / 700 
(b) 1/:!50 
(c) 3/70 
35. Multipl y 3 1/3 by 1 1/ 5 
(a) 6/8 
(b) 30/18 
(c) 16/8 
3b. ~ n1eans 3 1/6 
(a) 4 3/5 + 3 1/ 6 
(b) 1/6 ..;. 4 3/5 
(c) 1/6 X 4 3/5 
3/. 495 . 738 + 367. 2 ; 
(a) 49941.0 
(b) 499 . 410 
(c) 86. 2938 
38, 0. 7 X 0 . 02 ; 
(a) 0 . 14 
(b) 0.014 
(c) 1.4 
(d) 4:3/350 
(c ) None of these 
(d) 4 
(e) None of these 
(d) 4 3/5 - 3 1/6 
(e) None of these 
(d) 862 .938 
(e) None of these 
(d) 14 
(e) None of these 
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39, In the division . 04,. ) . 59j38 , moving the decimals to the positions indicated 
by the """ has the foll owing effect: 
(a) Both the divisor and dividend are multiplied by 100 and the quotient 
is 10 limes greater. 
(b) The divisor, dividend, and quotient are all multiplied by 100 . 
(c) The value of the quotient is reduced. 
(d) It has the effect of multiplyin~ the entire problem by one . 
(e) None of these 
40 . In performing the division indicated by 4/9 the resulting quotient will be a: 
(a) Terminating decimal 
(b) Completed decimal 
(c) Proper fraction 
(d) Repealing decimal 
(e) None of these 
41. Which of the following identifies the point on the graph: 
(a) (3, 4) 
(b) (4, 3) 
(c) Both (a) and (b) 
(d) None of these 
42. The line on the coordinate system at the right is the 
graph of which of the following functions: 
(a) f(n) = 2n + 2 
(b) f(n) = n + 3 
(c) f(n) = 2n - 2 
(d) f(n) = n - 2 
(e) None of these 
43. Which point on the graph represents (-3, -3): 
(a) A 
(b) B 
(c) C 
(d) D 
(e) None of these 
44. Solve the following: 43 = five ---ten 
(a) 110 
(b) 18 (d) 36 
A 
-to 
(c) ~3 (e) None of these 
B 
45. Which of the following is arranged in order of decreasing value: 
(a) . 005, .05, .051, .501, .53 
(b) • 53, . 501, . 051, . 05, • 005 
(c) .005, .05, .051, .53, . 501 
46. What is the value of 25: 
(a) 10 
(b) 32 
(C) 16 
(d) .501, .53, .051, .05, . 005 
(e) None of these 
(d) 64 
(e) None of these 
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47. Using 5-minute clock arithmetic, which of the following is a 
true sentence: 
(a) 2 + 3 = 0 
(b) 4 - 4 = 4 
(C) 2 - 3 = 1 
48. (-x) + (-y) ~ 0 
(a) x- y 
(b) y- X 
(c) - (x+ y) 
(d) - X+ y 
(e) None of these 
(d) 1 + 5 = 2 
(e) None of these 
49. On the single toss of a pair of dice, what is the probability that their 
sum is 5 if you are told that one of the dice came up 3: 
(a) 1/18 
(b) 1/G 
(c) 2/ 12 
(d) 1/ 9 
(e) None of these 
50. Which of the following symbols could be used to make this sentence 
true: 8 + 4Q2 • 7 
(a) 1 
(b) < 
(c) .S. 
51. If f(n) = 4n - 3 and n = 5, what is f(n): 
(a) 17 
(b) 
(c) 
(d) All of the above 
(e) None of the above 
(d) 23 
(e) None of these 
52 . Given the data 3, 7, 5, 9, 15, 10, 5, which of the following is a 
true statement : 
(a) Mean = 7 
(b) Median = 27 
(c) Mode = 15 
(d) Median = 7 
(e) None of these 
53. The rational number 1/ 2 i s found in which of the following: 
(a) The set of natural numbers 
(b) The s e t of integers 
(c) The set of whole numbers 
(d) The set of real numbers 
(e) None of these 
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54, Two triangles are congruent if: 
(a) The small triangle fits perfectly inside the large triangle 
(b) They are both equilateral triangles 
(c) When one is placed over the other they fit exactly 
(d) The sides of one triangle are parallel to the sides of the other 
triangle 
(e) None of these 
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55. Given the implication, "If you like mathematics, then you like this course," 
which of the following is the converse of that implication: 
(a) If you do not like mathematics, you do not like this course. 
(b) If you like this course, you like mathematics. 
(c) If you do not like this course, you do not like mathematics . 
(d) None of these 
56. Given angles 1, 2, 3, and 4 as shown below, 
which term best describes the relation between 
L 2 and L 4: 
(a) Supplementary angles 
(b) Complementary angles 
(c) Vertical angles 
(d) Supplementary adjacent angles 
(e) None of these 
57. Which of the following space figures has six edges: 
(a) Triangular prism 
(b) Tetrahedron 
(c) Rectangular pyramid 
(d) Cube 
(e) None of these 
58, Given three points not on a straight line, how many planes can contain 
all three points: 
(n) "era 
(b) three 
(c) one 
(d) Infinite number 
(e) None of these 
59. Which of the following is a polygon: 
D 6 ~ 
(1) (2) (3) 
(a) All of these 
(b) Number (4) only 
(c) Numbers (1) and (2) only 
60. Which of the lines running through the 
rectangle is a line of symmetry; 
.. 
(a) AB 
(b) Both ~ and n 
(c) n . ~ . and u 
(d) None of these 
(d) 
(e) 
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~ 0 
(4) (5) 
All except (4) 
None of these 
FORM B 
1 22 
1. (;iv<•n !hal 1\ ( w, x, .v . 1.} :11ul II {u , v, w, x } . which of lh<' following-
jH musl :1pp1·opriate fo1· cxprc:-;sillj!, the union of A and 13: 
(a) A U B ~ { w, x } 
(b) A U B ~ (u , v, w, x, y, 1. ) 
(c) A U B = {u, v, w, w, x, x, y, z) 
(d) None of these 
2. Given that A = {v, w, x, s}, B = ( v, w, x, y) , and C = { r, w, x) , 
which of the following is false: 
(a) (A U C) U B = A U (C U B) 
(b) (A n C) n B = A n (C n B) 
(c) A U (C n B) = (A U C) n (An B) 
(d) A n (C U B) = (A n C) U (A n B) 
(e) None of these 
3. IfSetA = ( 1, 2, 3, 4, • . . J, whichofthefollowingistrue: 
(a) Set A is finite 
(b) { 9, 10, n) rt A 
(c) n (A) = 4 
(d) Set A is infinite 
(e) None of these 
4. Which o f the l'ollowing is the greatest common factor of 84 and 120: 
(a) 21 
(b) 12 
(c) 
(d) 840 
(e) None of these 
5 . Which of the following is a pri me number: 
(a) 1 
(b) 87 
(c) 117 
(d) 91 
(e) None of these 
b. What is the least common multipl e of 18 , 12, and 15: 
(a) 3240 
(b) 180 
(c) 3 
(d) 360 
(e) None of these 
1. In the process of aclding 273 + 416, whic h o[ the following steps 
contains an error: 
(a) (200 + 70 " :1) + (400 + 10 + G) 
(b) (200 " .JOO) + (70 + 10) + (3 + G) 
(c) liOO + 80 + 9 
(d) 689 
(e) None of these 
8, In adding 83G7 + 2712 which of the following steps contains an 
error: 
(a) (8000 + 300 + GO + 7) + ( 2000 + 700 + 50+ ~) 
(b) (8ooo + 2000) + (300 + 700) + (GO + 50) + (7 + 4) 
(c) (8000 + 2000 + 1000) + (liO + 50+ 10) + 1 
(d) (11, 000 + 120 + 1 = 11, 121 
(e) None of these 
9, Which number sentence illustrates the associative property of addition: 
(a) 5 + (6 + 7) = (5 + G) + 7 
(b) (2 + 3) + 4 = 4 + (2 + 3) 
(c) 3 + (7 + 1) = 3 + (1 + 7) 
10. What is the value of 9 - (5 - 2): 
(a) 2 
(b) G 
(d) 3 X 7 = (3 X 5) + (3 X 2) 
(e) None of these 
(c) Both a and b are correct 
(d) None of these 
11. For the problem 8002- 3738, which is the correct answer: 
(a) 5264 
(b) 4364 
(c) 5736 
(d) 4266 
(e) None of these 
12. In which case does the repeated addition represent the multiplication: 
(a) 9 + 9 + 9 + 9 + 9 = 9 x 5 
(b) 5 + 5 + 5 + 5 + 5 + 5 = 5 X 6 
(c) 7 + 7 + 7 + 7 = 4 x 7 
(d) All of the above 
(c) None of these 
13, When we multiply 6 x 75,374 the five in the answer means: 
(a) five hundreds 
(b) five thousands 
(c) five millions 
(d) five hundred thousands 
(e) None of these 
12) 
14, When you multiply 426 by the 3 in the exercise shown here, you will get a 
number that is how large compared with the final answer: 
(a) One-twelfth as large 
(b) Five-si>.ihs as large 
(c) Twice as large 
(d) Ten times as large 
(e) None of these 
426 
x--'l.§. 
15. The inverse operation of 3 x 8 ~ 24 is: 
(a) 8 x 3 ~ 24 
(b) 24-:- 8 ~ 3 
(c) 24 + 3 ~ 8 
(d) Both band c are correct 
(e) None of these 
16. The stateme nt 4 x 5 x 6 ~ 6 x 5 x 4 illustrate s whi ch of the following 
mathematical properties: 
(a) Associative property of multiplication 
(b) Commutative property of multiplication 
(c) Closure property of multiplication 
(d) None of these 
17. The mathematical sentence 2 x 36 ~ (2 x 30) + (2 x 6) illustrates which 
of the following: 
(a) The associative property of multiplication 
(b) The distributive property of multiplication over addition 
(c) The commutative property of multiplication 
(d) Closure 
(e) None of these 
18. Which of the following are correct: 
(a) 27 + (9 + 3) ~ 9 
(b) (27..;. 9) + 3 ~ 9 
(c) (27 + 9) -;- 3 ~ 27.;. (9 + 3) 
(d) All of the above 
(e) None of these 
19. When 222 is divided by 8, the remainder is: 
(a) 
(b) 
(c) 6 
20. 12,831 + 0 ~ 47 
(a) 273 
(b) (i03' 057 
(d) 0 
(e) None of these 
(c) 2730 
(d) None of these 
21. Which is the best estimate for 986 + 29: 
(a) 50 
(b) 40 
(c) 20 
(d) 30 
(e) None of these 
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22. What is the average of 12, 38, 57, 12, 71, and 32: 
(a) 6 
(b) 37 
(c) 222 
23. What percent of 150 is 6? 
(a) 4% 
(b) 900% 
(d) 12 
(e) None of these 
(C) 25% 
(d) None of these 
24. Finding the distance from one point to another involves what kind of 
measure: 
(a) Length 
(b) Area 
(c) Volume 
(d) None of these 
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25. To determine the amount of carpet needed to cover a floor involves what 
kind of measure: 
(a) Volume 
(b) Area 
(c) Length 
(d) None of these 
26. A rectangular prism has edges that measure 9 x 11 x 35 inches. If a 
gallon contains 231 cubic inches of water, how many gallons will the 
container hold: 
(a) 
(b) 11 
(c) 3465 
(d) 15 
(e) None of these 
27. If a rectangular-shaped piece of rangeland is 6 miles long and 4 miles 
wide, which of the following correctly determines the perimeter of the 
piece of land: 
(a) 6 x 4 ; 24 
(b) 6 + 4 ; 10 
(C) (2 X 6) + (2 X 4) ; 20 
(d) 6 + 4; 1. 5 
(e) None of these 
28. If a horse walks 8 kilometers per hour, how far will the horse 
walk in 3 hours: 
(a) 240, 000 meters 
(b) 2400 hectometers 
(c) 24000 dekameters 
(d) 240 decimeters 
(e) None of these 
29, In the division exerci s e 1/3 + 1/2 = 2/3, the 2/3 represents: 
(a) 2/3 of a whole (d) 2/3 of two-thirds 
(b) 2/3 of one-half (e) None of these 
(c) 2/3 of one-third 
30, Given 5/6 c:! x/ 18, what is the value of x? 
(a) 17 
(b) 5 
(c) 6 
(d) 16 
(e) None of these 
31. 2/ 3 is the red uced form of which of the following: 
32. 
33. 
34. 
(a) 15/25 
(b) 3/ 4 
(c) 45/60 
Compute : 2/3 + 2/ 5 = ? 
(a) 4/15 
(b) 1 1/ 15 
(c) 4/8 
25 7/8 is a: 
(a) Whole number 
(b) Mixed number 
(c) Natural number 
(d) 75/ 120 
(e) None of these 
(d) 10/G 
(e) None of these 
(d) Irrational number 
(e) None of these 
Which of the following contains an e rror: 
(a) 7 1/2 = 7 2/4 = 6 6/4 (c) 8 4/9 = 8 8/18 = 7 26/18 
-_LUi = .1..U1 =LUi -5 5/6 = 5 15/18= 5 15/18 
4 3/4 2 11/18 
(b) (j 2/3 = (j 8/12 (d) 4 7/10 = 4 21/30 
-.!...lLg= .L..1L.l1 -2 ll/15= 2 22/30 
5 1/12 2 1/30 
(e) None of these 
35. 3/5 . 3/5 = ? 
(a) 9/ 25 (d) 6/ 10 
(b) 9/5 (e) None of these 
(c) 3/25 
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36, 1/ 3 + 3 1/6 = ? 
(a) 2/19 
(b) 19/ 18 
(c) 2/3 
(d) 19/2 
(e) None of these 
3 / . What is the hundreds digit in the answer to 3375. 49 - 861. 1? 
(a) 9 
(b) 
(c) 4 
38. 5/1000 of 0. 16 is: 
(a) • 8 
(b) • 08 
(c) • 008 
(d) 2 
(e) None of these 
(d) • 0008 
(e) None of these 
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39. Which of the following division examples will result in the quotient 25. 2? 
(a) .5 }. 126 
(b) • 05 ). 126 
(C) • 005 ). 126 
(d) • 0005 ].126 
(e) None of these 
40. Expressed as a decimal, 1/6 is equal to: 
(a) .16 
(b) . 167 
(c) .166 
(d) • 1667 
(e) None of these 
41. Which of the following is plotted at the right: 
(a) y = 2x- 3 
(b) y = 2x + 3 
(c) y = 3x -2 
(d) y = 3x + 2 
(e) None of these 
42. Which line i s the graph of f(n) = 2n + 2: 
-(a) AB 
<b> a 
(c) n 
(d) None of these 
c 
A 
43. Identify the quadrant or axis in which the point (4, -3) is found: 
(a) First quadrant 
(b) Positive vertical axis 
. -(c) Third quadrant 
(d) Negative horizontal axis 
(e) None of these 
44. Which set of numerals are not listed in a consecutive counting order: 
(a) 110, 111, 112 (Base 3) 
(b) 14, 20, 21 (Base 5) 
(c) 100, 101, 110 (Base 2) 
(d) 101, 110, 111 (Base ~ 
(e) None of these 
45, The numeral one million, one hundred one thousand, ten, and three 
thousandths, is written as follows: 
(a) 1,100,110.003 
(~ 1,101,010. 0003 
(c) 1,100,001,010.003 
46, A natural number exponent: 
(d) 1,101,010.03 
(e) None of these 
(a) Tells how many times to add a number 
(b) Tells the size of the base 
(c) Tells how many times a number is to be used as a factor 
(d) Is an expanded form of multiplication 
(e) None of these 
47, In 5-minute clock arithmetic, 1-4 =0 
(a) o 
(b) 1 
(c) 
(d) 
(e) None of these 
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48. __::jl..._ is equal to: £. 
- 3 
(a) 9/16 (d) -9 / 16 
(b) -4 (e) None of these 
(c) 4 
49, A box contains four black, seven white, a nd three red balls . If 
one ball is drawn, what is the probability that it is r ed : 
(a) 3/7 
(b) 2/7 
(c) 3/ 14 
(d) 1/7 
(e) None of these 
50. Which of the following could be made true by using the symbol " <": 
(a) 5/ 98 2/ 3 
(b) 9/7 5/7 
(c) ll /2oQ 8/ 15 
(d) 6/21 Q 10/35 
(e ) None of these 
51. Which open se ntence defines the function whose members ( x, f (x) 1 are 
shown a t right: 
X f X 
(a) f(x) ; x + 3 0 3 
(b) f(x) ; 2x + 2 
(C) f( x) ; 3x + 2 2 7 
(d) f( x) ; 2x + 3 3 9 
(e) None of these 
52. Given the data 10, 5, 15, 11, 5, 7, 3, the number 8 is the: 
(a) Mean 
(b) Median 
(c) Mode 
(d) None of these 
53. In the sentence, "John was the 15th person selected for a scholarship," 
what kind of number is 15: 
(a ) Ordinal 
(b) Cardinal 
(c) Irra tional 
(d) None of these 
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54, Which of the following phrases best describes the term "congruent": 
(a) Is related to 
(b) Smaller than 
(c) Large r than 
(d) Sa me si ze a nd shape as 
(e) None of these 
55 , Given the proposition, "All students are intelligent," which of the 
following best describes the statement, "If you are not intelligent, 
then you are not a student. " 
(a) Negation 
(b) Converse 
(c) Inverse 
(d) Contrapositive 
(e) None of these 
56. The corner of a rec tangular window form s an angle of: 
(a) 45° 
(b) 60° 
(c) 90° 
(d) 180° 
(e) None of these 
57. A rectangular pyramid has how many faces: 
(a) 5 
(b) 4 
(c) 6 
(d) 
(e) None of these 
58. Which of the following is true of a ray: 
(a) Extends on and on in two directions 
59 . 
(b) Ha s one end point and extends on and on in one direction 
(c) Is a three-dimensional obj ect 
(d) Is a point in space 
(e) None of these 
cr.,, Z'"' O" 6'-~~o, '" L""~ 
(1) (2) (3) (4) (5) (6) 
Rectangle Triangle Circle Rectangular Angle Three rays 
(a) Numbers (1), (2) and (3) only 
(b) All except (4) and (6) 
(c) Numbers (5) and (6) only 
prism from one point 
(d) Number (5) only 
(e) None of these 
1 JO 
60. Which of the following terms describes the relationship between these 
two triangles: 6 6. 
(1) (2) 
(a) Number (1) is symmetric to number (2) 
(b) Number (2) is the reflection of number (1) 
(c) Number (2) i s s imilar to number (1) 
(d) All of the above 
(e) None of these 
1 Jl 
1J2 
A P PENDI X F 
Fina l Form of the 
Test of Mathematical Fundamen t a ls 
TEST OF ~IATHEi•lATJ C.\L Fl'~!D.\MENTALS 
1. Given that A = { w, x, y, z} and B '= {u , v, w, x }, which of~he following 
is most appropriate for expressing the union of A and B: 
(a) A UB = { w, x } 
(b) A U B c { u, v, w, x y, z} 
(c) AU B = {u, v, w, w, x, x, y, z } 
(d) None of these 
2. Given that A =· ( v, w, x, s}, B = { v, w, x, y}, and C = (r, w, x), 
which of the following is false: 
(a) (A U C) U B = A U (C U B) 
(b) (A n C) n B = A n (C n B) 
(c) A U (C n B) = (AU C) n (An B) 
(d) A n (C U B)= (An C) U (An B) 
(e) None of these 
3. (;iven that Set A {1 , 2, 3, 4} and Set B = { 5, G, 7} , which of the 
following is true: 
(a) An B = 0 
(b) AU B ={} 
(C) AnB;l{} 
(d) AnB = {l'l} 
(e) None of these 
4 . Which of the following is the grea te st common divisor of 84 and 120: 
(a) 21 
(b) 12 
(c) 
5. l\t'solvt• :J:JO into primt' factors: 
(a) :1 X II X !0 
(I>) (; X II X ri 
(<') 2 x I ri x II 
(d) 840 
(e) None of these 
(d) ~ X :! x ri X I I 
(< ') None of these 
6 . \A/hat is the lenst eomrnon muJUpl<· ()f Sfi :1nd ~ I: 
(a) :1:.11; 
(b) lfiH 
7 . Which of the following is true: 
(c) 
(d) Noni ' of lht,S< • 
(a) The sum of 43 and 26 contains seven tens 
(b) The sum of 27 and 62 contains nine tens 
(c) The sum of 3842 and 2037 contains nine hundreds 
(d) The sum of 27,932 and 312,063 contains eight tcn-tousands 
(e) None of these 
8. In the base 10 addition exercise below, which of the following could be possible 
digits for the • : 
(a) 5 
(b) 2 
(c) 
(d) All of the above 
(e) None of these + ~ ; ~ 
-am-
9. Which property of whole numbers j ustifies the following statement: 
(4 + :J) + 5 ~ 5 + (4 + 3) 
(a) Distributive properly of multi pi ication over addition 
(b) Closure for addition of whole numbers 
(c) Commutative properly of addition 
(d) Associative property of addi tion 
(e) None of these 
10, Which of the followinJ!: properl y s hows subt r action hv expanded notation: 
(a) 37 - G ~ (30 - 7) - G (c) 48 - 7 = ( 40 + 8) - 7 
= 30 - (7 - G) ~ 40 + (8 - 7) 
= 31 ~ 41 
(b) 34 - G = (20 + 14) - <; (d) 42 - 7 - (30 + 12) - 7 
20-(14+ G) 30 -J (12 - 7) 
= 28 =:: 25 
(e) None of these 
11. Which of the following represents the proper renaming of 624 in solving 624 - 478: 
(a) 600 + 10 + 14 
(b) 500 + 120 + 4 
(c ) 400 + 210 + 14 
(d) 500 + 110 + 14 
(e) None of these 
12 . When we multiply 6 x 75,374 the five i n the answer means: 
(a) five hundreds 
(b) five thousands 
(c) five millions 
(d) five hundred thousands 
(e) None of these 
13 . In the multiplication exercise shown below, which horizontal expression 
best illustrates through expanded notation the multiplication of the partial 
products: 2 48 
2L..1§._ 
(a) (G X 8) + (6 X 4) + (G X 2) + (20 X R) + (20 X 4) + (20 X 2) 
(b) (6 X 8) + (6 X 40) + (6 X 200) + (20 X 8) + (20 X 40) + (20 X 200) 
(c) (G X 8) + (G X 40) + (6 X 200) + (2 X 8) + (2 X 40) + (2 X 200) 
(d) (G X 8) + (6 X 4) + (6 X 2) + (2 X 8) + (2 X 4) + (2 X 2) 
(e) None of these 
1J5 
14. The inverse of multiplication is: 
(a) Addition (c) Division 
(b) Subtraction (d) None of these 
15 0 The state ment (4 x 5) x 6 = 6 x (5 x 4) illustrates which of the following 
mathematical properties: 
(a) Associative property of multiplication 
(b) Commutative property of mul tiplication 
(c) Closure property of multiplication 
(d) None of these 
16o Whieh of the foll owing illustrates the distributive property of multiplication 
over addition: 
(a) 4 X 5 1/3 ~ (4 X 5) + (4 X 1/3) 
(b) (8 X 9) X 4 = 8 X (9 X 4) 
(c) 8 X (i = (i X 8 
(d) (7 X 2) X 4 = 4 X (7 X 2) 
(e) None of these 
17 0 Which of the following are ways of exprcsHing twelve divided by four: 
(a) 12 + 4 
(b) 4 Ji2 
(c) 12/4 
(d) Both (a) and (b) 
(e) Choices (a), (b), and (c) are all 
cor rect 
18 0 If the quotient is 32, the divisor i s 6, and the remainder is 2, what is 
the dividend : 
(d) 194 (a) 5 
(b) 192 
(c) 44 
(e) None of these 
19 . Which sta tement best explains the 4 in the 
quoti e nt of the following division problem? 
(a) There are at least forty 24 's in 1080 
(b) Two goes into te n four time s 
(c) There are four 24's in 108 
(d) None of these 
45 
24 ho8o 
20. What i s the largest multiple of 10 that will make this sentence true: 
n x 60< 5723 
(a) 70 
(b) 90 
(c) 100 
(d) 80 
(e) None of these 
1)6 
21. Which of the foll owi ng is true: 
(a) The average of 8 and 36 is 44 
(b) T he ave rage of 14 and 24 i s 10 
(c) The average of G a nd 30 is 180 
(d) The average of 12 and 38 i s 25 
(e) None of these 
22 , If a jacket which normally sells for $50 is on sale for $35, how much i s 
the discount: 
(a) 15% 
(b) 30% 
(c) 70% 
23. One inch i s a pproximately: 
(a) 25 em. 
(b) 2. 5 em. 
(c) 30 em . 
(d) 35% 
(e) None of these 
(d) 250 em. 
(e) None of these 
24 . If the edges of a cube are four inc hes long , what is the surface area 
of the cube : 
(a) 48 square inches 
(b) 16 squa r e inches 
(c) 64 square inches 
(d) 96 squa1·e inches 
(e) None of t hese 
25. What is the volume of a rectangul a r pri sm with the following measure-
ments? I ; 8 h ; 6 w ; 4 
(a) 18 cubic units 
(b) 18 square units 
(c) 192 square units 
(d) 192 cubic units 
(e) None of these 
26 . Thl' i><' rimdl'r of a polygon is computed hv th e following method: 
(a) Le ngth tin1es wid th 
(b) Tok,ll ing the le ngths of a ll of it s side~; 
(c) Le ngth times width times he ight 
(rl) None of these 
27 . If a horse wa lks 8 k ilom eters pe r hour, how far will the horse wa lk in 
3 hours : 
(a) 240 ,000 meters 
(b) 2400 hectometers 
(c) 24 dekameters 
(d) 240 deci me te rs 
(e) None of these 
28 . The rational number 4 / 5 may be interpreted as: 
(a) 4 out of 5 equivalent disjoint sets 
(b) 4 parts of an object which has been divided into 5 equal parts 
(c) 4 divided by 5 
(d) Any of the above could be correct 
(e) None of these 
29. Uiven the fractions a/band c/d, a test for equivalency is: 
(a) a x d ~ b x c 
(b) a XC ; b X d 
(c) a x b ; c x d 
(d) a X d ; C X d 
(e) None of these 
30. When the rational number 15/45 is reduced to lowest terms, the 
result is: 
(a) 1/5 
(b) :l/9 
(c) 1/:l 
31. Compute: 2/3 ~ 2/5 ' ? 
(a) 4/15 
(b) 1 1/15 
(c) 4/8 
(d) 5/ 15 
(e) None of these 
(d) 10/6 
(e) None of these 
32. Which of the following contains an error: 
(a) 7 l / 2 ~ 7 2/4 c G 6/4 
- 2 3/4 , 23/4 =1....Ui 
4 3/4 
(b) <i 2/ 3 = G 8 / 12 
-1.__1Ll1= L7.Ll£ 
5 1/12 
33. Multiply 3 1/ 3 by 1 l/5 
(a) 3 1/ 15 
(b) 30/ 18 
(c) 16/ 8 
34. J/ ;J + :! 1/ 6 , _  ? 
(a) 2/ 19 
(b) 19/J~ 
(e) 2/:J 
(c) 8 4/9 = 8 8/18 ; 7 26/18 
-5 5/6 ; 5 15/18= ~
2 11/18 
(d) 4 7/10=4 21/30 
-2 11/15= 2 22/30 
2 1/30 
(e) None of these 
(d) 
(e) None of these 
(d) 19/2 
(e) None of these 
1J7 
35 o What is th e hundreds digit in the answer to 3375o 49 - 861.1? 
(a) 
(b) 
(t:) 
36o 5 / 1000 of Oolu is: 
(a) o ~ 
(b) 0 08 
(c) o 008 
(d) 
(e) None of these 
(d) • 0008 
(e) None of these 
1J8 
37 0 Which of the following division examples will result in the quotient 25o 2? 
(a) • 5 m (d) 0 0005 )ol26 
(b) 0 05 )o 126 (e) None of these 
(c) 0 005 }o 121> 
380 Expressed as a decimal, 1/ 6 is exactly equal to: 
(a) 0 16 
(b) 0 167 
(c) 0166 
(d) o166 
(d) None of these 
39 o Which of the following identifies the IXlint on the graph: Y 
(a) (3, 4) 
(h) (4, :l) 
5 
4 
3 
2 (c) Doth (a) and (b) 
(d) None of these ~-+-<~-++1+--~x 
40 0 Which li Ill' i~ the ~r:l ph o f f(n) ~ :!n 4 
-(") An (h)~ 
(<') tt-
(d) Noll(' o( lill'S<' 
c 
1 23 4 5 
41. Ide ntify the quadrant or axis in which the point (4, - 3) is found: 
(a) First quadrant 
(h) Positive vertical axis 
(e) Thir·d qu:Jdr:111t 
(d) Negative horizontal axis 
(e) None of these 
42. Which set of numerals is not listed in consecutive counting order: 
(a) 110, 111, 112 (Base 3) 
(b) 14, 20, 21 (Base 5) 
(c) 100, 101, 110 (Base 2) 
(d) 101, 110, 111 (Base 4) 
(e) None of these 
43 . The numeral one million, one hundred one thousand, ten, and three 
thousandths, i s written as follows : 
(a) 1,100 , 110.003 
(~ 1,101,010. 0003 
(c) 1,100 , 001,010.003 
(d) 1,101,010.03 
(e) None of these 
44 . A natural number exponent: 
(a) Te lls how many times to add a number to its elf 
(b) Tells the size of the base 
(c) Tells how many times a number i s to be used as factor 
(d) Is an expanded form of multi plication 
(e) None of these 
45. Usin~ !>-minute dock arithmetic, which of the foll owi ng i s a 
ll"lH.' Ht' llh.' IWP: 
46. 
(:1) ;! I :1 : (I 
(b) ·I - 4" 4 
(e) :l - :! " I 
.;I 
.....:1L is eq unl to: g_ 
-:~ 
(a) 9 / J G 
(b) -4 
(e) -1 
(d) I I !) - ~ 
(e) None or these 
(d) -9 / l G 
(e) None of these 
47 . On the single toss of a pair of dice. what is the probability that their 
s um i s 5 if you nre told that one of the dice ca me up 3: 
(a) J / 18 
( b) 1/ (i 
(<') :Z / 12 
(d) J / 9 
(e) None of these 
1J9 
48. Whic h of the following coul d be m ade true by replac ing the 0 with the symbol 
" < ": 
(a ) 5/9 0 2/3 (d) 6/ 21 0 10/3 5 
(b) 9/ 7 0 5/ 7 (e) None of these 
(c) 11/ 20 0 8/15 
140 
49. Which open sentence defines the function whose members [ x, f (x) J are 
s hown at right: 
f(x) ~ X f X (a) 
"' 
3 3 (b) f(x) - ~X I ~ 0 
(<') l(x) :lx -1 ~ 
(d) l(x) ~X ! :l 9 (<') None ol these 
50. Giventhedala 10, ;,, 15,11, 5, 7, :J, thenumber 8 isthe: 
(a) Mean 
(b) Median 
(c) Mode 
(d) None of these 
51. The rational number 1/2 is found in which of the following: 
(a) The set of natural numbers 
(b) The set of integers 
(c) The set of whole numbers 
52. Two triangles arc congruent if: 
(d) The set of real numbers 
(e) None of these 
(a) The small triangle fits perfectly inside the large triangle 
(b) They are both equilate ral triang-l es 
(e) When one is placed over th e othe r the:-• fit cxadly 
(d) The sides of one triangle arc parallel to the sides of the other 
triangl e 
(<') None of these 
53. (;iven the proposition, "All students are intelligent," which of the 
following best describes the stateme nt., "If you are not intelligent, 
then vou are not a student." 
(a) Neg·a lion 
(b) Converse 
(c) Inver se 
(d) Contrapositive 
(e) None of these 
54. Th e corner of a rectang·ular window forms an a ngl e o f: 
(a) 45° (d) 180° 
(b) li0° (e) None of these 
(e) 90° 
55. A rcetangular pyramid has how many faces: 
(a) 5 
(b) 4 
(c) 
(d) 3 
(e) None of these 
56. Which of the following is true of a ray : 
(a) Extends on and on in two directions 
57. 
58 . 
(b) Has one end point and extends on and on in one direction 
(c) Is a three-dimensional object 
(d) Is a point in space 
(e) None of these 
Which of the following is a polygon: 
0 6 ~ ~ 0 
(I) (2) (3) (4) (G) 
(a) All of these (d) All except (4) (b) Number (4) only (e) None of these (c) Numbers (I) and (2) only 
Which of the followin~ terms deseribes the relationship between these 
two triangles: 6 6 
(1) (2) 
(a) Number (1) is symmetric to number (2) 
(b) Numbe r (2) is the reflection of num be r ( 1) 
(e) Number (2) is s imilar to number (1) 
(d) All of the abm•<• 
(<') Nn rw of t.hPse 
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